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INTRODUCTION

OBJECTIVES

There are two main objectives of the effectiveness analysis. The

first objective is the development of a generalized methodology for assess-

ing the effectiveness of candidate system/vessel combinations. Fulfill-

ment of this objective requires that the methodology have the following

properties:

Ability to address all issues which are considered to be pertinent

to an effectiveness assessment in general, and in particular to

the specific candidate systems and vessels being considered.

Ability to accomnmodate both quantitative and qualitative data

pertaining to candidate system/vessel combinations as well as

relevant assumptions and constraints.

Ability to accommodate subjective Judgements of the decision-

maker.

Consistency between the level of detail of the analysis and data

availability. This property requires that while full use should

be made of all system/vessel data which is either available or

can readily be made availabi-, data which cannot be obtained

within the confines of the study should not be called for.

Ability to provide quantitative results, preferably at severc I levels

of detail, to facilitate making comparisons and trade-offs. How-

ever, the quantitativc results should be transparent to user,

i.e., readily interpretable in terms of the system/vessel proper-

ties, the objectives, requirements, constraints, etc.

The second objective is the application of the offectiveness assess-

ment methodology to the viable candidate system/vet:sel combinations

included in this study. The results of this applicati, •ufd in turn be



used to study the cost versus effectiveness relationship of the candidates

in order to choose an optimum, i.e., most cost-effective candidate system

for each vessel class.

SCOPE OF EFFECTIVENESS ANALYSIS

The effort under this portion of the study includes the following:

Development and documentation of a g,..neralfzed effectiveness

modeling and assessment methodology.

Development and documentation of a generalized computer

program for quantifying the effectiveness of candidate system/

vessel combinations.

Development of an effectiveness model suitable for analyzing

candidate wastewater management systems (WMS) for selected

U.S. Coast Guard vessels. The candidate systems are intended

fr rtmanaging the black (output from commodes, urinals and

garbage grinder) and gray (galley and turbid, i.e., output from

sinks, showers, laundry, deck, drains, etc.) wastewaters aboard

the vessels.

Development and documentation of the effectiveness attribute

data required as input to the effectiveness model.

Exercise the effectiveness model by substituting the data and

developing quantitative effectiveness assessments for all viable

candidate systemrVvessel combinations.

Systems and Vessels Analyzed

The systems and vessels considered for the effectiveness quantification

are the 18 WMS concepts in configurations suitable for each of the six

vessels included in this study (see Volume IV). Of these, effectiveness

attribute data Were developed and results obtained only for those system/

vessel combinations which were judged to be viable candidates on the

basis of the installation analysis (see Volume III).

2



General Aplicability of the Effectiveness Assessment Methodology

Although specific results were obtained foc the viable candidate

systern/vessel combinations included in this study, both the concepts and

the procedural steps of the effectiveness modeling and quantification

methodology developed as part of this study are general and have wide

applicability. Specifically, this methodology is applicable to any type

of problem which can be cast in the context of choosing an optimum (i.e.,

most cost-effective) candidate from a number of available legitimate alter-

natives. These alternative candidates do not necessarily have to be

systems. Thus, the candidates may be alternative choices of processes or

(e.g., chemical), alternative approaches to solving a problem, etc.

Furthermore, the computer program for quantifying effectiveness was

not written for any one specific effectiveness model. Instead, the effective-

ncss model (and its associated data) are part of the input. As a result, this

computer progrurm is capable of handlin, any type of problem as soon as

the necessary inputs have been developed.

Limitations

The effectiveness ratings presented herein are applicable to the

specific systems and vessels included in this study. Furtherm re, these

results reflect the assumptions, objectives, requirements and constraints

which are part of the cortext of this study. As a result, caution is advised

in attempting to use these rer'- lts directly for systems and/or vessels others

than those specifically included in this study, or in a different context.

The effectiveness ratings are subjFect to the following considerations.

The effectiveness attributes used as the basis for the ratings are a mixture

of objectively determined system/vessel charactertatics as well as

subjectively determined qualitative systenivessel characteristics

based on the anaiysis of the marine sanitary devices (MSDs) and the

candidate WVIMS systems which we hybridized from these MSD subsy.,tems.

(see data in Volumes I, 111 and V).



In addition, the elements of the offoctivonoss model, especially the weight

assignment and the effectiveness rating functions are baaed on subjective

judgoments. As a roý3ult, it one agrees with those judgements as well as

the data used, then one may also accept the validity of the results. On

the other hand, if one has reservations about the accuracy of the data and/

or strongly disagrees witA the subjective judgements inherent in the effective-

ness modol, then one may question the validity of the results. In such

cases, one can substitute different data and/or subjective judgements, -

assumptions, etc., and obtain a new set of results (at least in principle,

even if one may not actually wish to do this). In either case, the data,

the subjective judgemonts. the assumptions, etc., used are all documented

and ate accessible. Another relevant point to keep in mind is that the

effectiveness ratings are not to be used in an absolute sonso but rather as

a means of comparing candidate systenis for the purpose of discerning

differences among the alternatives available. in this connection, it is

noted that since the same effectiveness model is used to assess the can-

didate systems and the same generic MSD subsystem/equipment data is

used for all systonVvossel combinations, all candidates are treated equally.

Hence, bias (to be distinguished from subjective judgement) in the results

Is avoided,

ASSUMPTIONS

The assumptions which govern the effectivoenss anal ysis of the

candidate system/vessel combinations are primarily those which were used

in Ihe uovelopmont of the effectiveness attribut,) data and the development

of the.offectiveness model. The assumptions pertaining to the effectiveness

attribute data axe documented in Volumes V and III for the MSD effectiveness

attribute data and for the WMS' Installation effectiveness attribute data,

respectively. Assumptions. pertinent to the effectiveness model are primarily

thoýo used in the development of the offoctivoiess rating functions (,Rrs)

and appear as part of the I;Rr documentation.
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APPROACH

The approach used in the development of the effectiveness analysis

methodology and its application to the candidate system/vessels combine..

tions included in this study is discussed briefly below.

Development of the Effectiveness Assessment Methodology

The basic concepts which form the basis of this effectiveness assess-

ment methodology are not new and there are a number of precedents for their

use. A prior application* of these concepts might le described as the develop-

ment of the v.nderlying philosophy and theory of the approach to the status of

an art. The main objective of this effort was a refinement of this effective-

ness analysis approach and additional development (and documentation) of

the procedural aspects of the approach, leading to a general and well defined

methodology with clearly idcentifiable steps.

The effectiveness assessment methodology is the system of analysis

techniques and associated computational procedures which start with the

relevant information concerning the candidates and their associated context

as an input, and generated quantitative effectiveness ratings as an output..
This methodology consists of procedures, guidelines and computational

aids for executing the following three main steps of the effectiveness

assessment.

Development of the effectiveness model

Development of effectivencss attribute data geared to the

effectiveness model.

* Quantification of effectiveness.

* S. Orbach and R. Field, "Cost Effectiveness Study of Selected Marino
Sanitary Devices; Effectiveness Assessment, " Phase II Final Roljort.
NSRDC Report 4426, September 1974, Contract N00600-72-D-0613.
Conducted by Bradford National Corporation and NSRDC.
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The development of the effectiveness model consists of the following

identifiable steps:

Selection of a set of measures of effectiveness (M/Es). The

M/Es constitute a set of highest level overall criteria which will

be the basis for assessing the effectiveness of the candidates.

Assignment of M/E weights. These M/E weights are used to

indicate the importance of each M/E in relation to the others.

Determination of the factors and subfactors of each MA.

---Factors result from a breakdown of an M/E into its constituent

lower level subordinate criteria which are implied by the higher

level criterion represented by the given M/E. Subfactors

result from a breakdown of a factor or another subfactor into its

constituent lower level subordinate criteria which are implied by

the higher level criterion represented by the given factor or sub-

factor. Elementary factors or subfactors are those which have

nro subordinate subfactors and which can be directly related to

ong or more attributes of the candidates under consideration.

Assignment at iactor/subfactor weights. These weights are used

to indicate the importance of each factor/subfactor (i.e., criterion)

in relation to the others at the same level of subordination.

Development of an effectiveness rating function (ERF) for every

elementary factor/subfactor. An ERF constitutes a functional

relationship between the candidate attribute (characteristic)

relevant to tte given elementary factor/subfactor and an effective-

ness rating which is a quantitative measure of the candidate's

acceptability, quality, worth, etc.,with respect to the given

criterion. The ERFs constitute an important element of the

effectiveness model. They provide a mechanism for systematically

bringing together and integrating the essential elements of the

effectiveness assessment, namely:

6



Assumptions, goals, requirements and constraints.

Technical information

Subjective judgements of the decision maker

The effectiveness attribute data required is determined by the ERrs.

The ERFs also determine the format of these data and a numbering scheme

which uniquely identifies each ERF within each MA is used to associate

the data with the corresponding ERF. An important aspect of tho develop-

ment of the ERFs and the associated effectiveness attribute data is Its

flexibility with respect to the type and level of detail of the required data.

This ensures that the-data requirements are realistic and are consistent

with common practice in the field, i.e., the analyses performed in support

of the effectivoness assessment such as MSD analysis, installation analysis,

life cycle cost analysis, etc. Thus, the development of effectiveness

attribute data represents another important mechanism for integrating the

results of the various analyses which are normally performed in the course I
of studying the candidates.

The quantificationi of thu effectiveness is accomplished by relating

the rating at any level of subordination in the effectiveness model to the

next lower level elements of the model as the sum of products of the ratings

and associated weights of these elements, Thus, starting with the elemen-

tary factors/subfactors, the next higher level subfactor or factor rat' ngs are

given as the sum of products of the elementary factors/subfactors. Similbnrly,

the rating for a given M/E is obtained as the sum of products of its factor

ratings and their associated weights. Finally, the overall effectiveness

rating is obtained as the sum of the products of ME ratings and their

associated weights. Once the effectiveness model and the associated

effectiveness attribute data have been developed, the quantification of

effectiveness is fairly straightforward and is acncomplished by a computer

program. The output of the computer program consists of an overall effec-

tiveness rating for each candidate as well as effectiveness ratings with

respect to each MA.

I



As pat (A the duevelopment of the effectiveness assessment

methodology, the above stops have been documented in greater detail and

guidelines for executing these steps havA been included (see "Discussion

of the Wctveness Assessment Methodology and Application Guidelines").

A ksuwaary of the methodology is preaented in Figure I which shows the

ite m•rn steps of the procedure namely, development of the model, use

W a0ectiveness attribute data and quantification of effectiveness. It is

mt~ed both from the previous discussion of the development of the elements

of the erfectiveness model and from Figure 1 that the MAs, the factor/

subbctors and their associated. levels of subordination constitute a

hterarchy. Actually, fpour types of hierarchies can be discerned in con-

snectton with the effectiveness assessment methodology, namely:

A hierarchy of objectives and requirements.

. -. A hierarchy of crtteria associated with the objectives and

A hierarchy indicating the importanoe of each criterion in

relation to the oi.ers.

A hieramhy of effectiveness ratings which are quantitative

measures of the degree to which each criterion in the hierarchy

is satisfied by each candidate.

The first three hierarchics are associated with the effectiveness

model and the last hierarchy is associated with the quantification of

effectiveness. Jbwever. it is noted from Figure I that the quantification

of effectiveness includes the use of the weights. Thus, the weights

possess a dual character, namely, as indicators of the importance of the

relative importance of each criterion (related to the effectiveness model),

and as numbers used in obtaining the ratings (related to the quantification

pocess). Finally, It is noted that the development of the effectiveness

i
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model can be characterized as analysis (top to bottom processes), whereas

the quantification of effectiveness can be characterized as synthesis

(bottom to top process). The above discussed relationships in connection

with the effectiveness assessment methodology are summarized below.

ANALYSIS

EN

R Z0

ME i W , R E :

E;,Fj Wj Rij Q •,

FSFk' "- Wk'4 "'S Rij k

'I SYNTHiESISJ

I
Development of. the Computer Program for Quantifyin2 Effectiveness

Although the quantification of effectiveness is essentially a

straightforward computational procedure, the magnitude of the calculations

is such that it is impractical to attempt this manually. As a result, a
computer program was developed In order to perform these calvulations

10
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rapid and accurately. An important feature of the computer program is

that is was not d3veloped for any specific effectiveness model. Instead,

the effectiveness model* (and its associated data) is an input to the program.

Thus, this computer program is general and applicable to a wide range of

problems, and constitutes an essential element of the effectiveness assess-

ment methodology.

Development of the Effectiveness Model

The effectiveness model for the wastewater management system

(WMS) candidates and the vessels included in this study was developed

in accordance with the principles of the effectiveness assessment

methodology, following the prescribed step-by-step procedures (see

"Results of Applying the Effectiveness Assessment Methodology to the

Candidate System Vessel"). Seven measures of effectiveness (M/Es) were
chosen as follows:

• Adaptability for shipboard installation

* Performance

* Operability

* Personnel Safety

• Habitability

• Reliability

. Maintainability

Each M/E was then broken down into its constituent factors and

subfactors. Weights were then assigned to the M/Es and to the factors

and subfactors at each level of subordination.

*It is noted that for purposes of the computer program, the effectiveness
model does not include the ERFs and the input data include the elementary
factor/subfactor ratings for each candidate system/vessel combination.

11i
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An effectiveness rating function (ERF) was then developed for each

elementary factor/subfactor. Figure 2 shows the form used for document-

ing these ERFs. This form also facilitates recording the effectiveness

attribute data and effectiveness ratings for each viable candidate system/

vessel combination associated with the given ERF. The effectiveness

model used resulted In I 11 individual ERrs which are uniquely identified

by the numbering scheme for factors and subfactors. Thus, each viable

candidate system/vessel combination is evaluated on the basis of 111

individual criteri-.

Decision- Maker Participation

One of the tenets of this effectiveness assessment methodology

is that in order to produce meaningful results, it is necessary for the

decision-maker to participate in the development of the effectiveness

model. In conformity with this principle, the effectiveness model was

developed in consultation with, and the activo participation of, cognizant

U.S. Coast Guard technical r,,presentatives. Such Coast Guard partici-

pation was extensive in the levelopment of the structure of the effective-

ness model, i.e., the choice of the M/Es and the breakdown of each M/E

into its factors/subfacLors and the associated levels of subordination.

The M/E as well as the factor/subfactor weights assignments were made

by the Coast Guard. Finally, the development of the ERFs was carefully

coordinated with the Coast Guard technical monitor.

Development and Documentation of Effectiveness Attribute Data

The effectiveness Attribute Data required as input to the effective-

ness model is defined by the ERFs. These data came from three different

sources which represent three types of analyses performed as part of this

study, namely:

12



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

WE A

Ettectiveness Rating Function
z I

kita

AW IWI c-'

II

Effectiveness Attribute Data and Ratings for Viable Systqm/Vessel Combinations
wMsi GALtATT1 VIGOROUS FIREBUSH PAMLICO WHITE SAGE POINT HERRON

(378') (210') (180) (160') (133') (82')

2 N A

3 N A N A

4 N A N A

5 N A N A N A

6 N A N A N A

7 N A N A

8 N A N A N A

9

10 N A

11 NA A
12 N A N A N A

13 N A N A N A

14

15 N A

16

17 N A NA A
18 N A N! A N A

Atmibuts DatU- La. lrin NIA - No a vible "mi/vewl coumiblnato

Figure 2
FORM USED FOR DOCUMENTING EFFECTIVENESS RATING

FUNCTIONS AND ASSOCIATED ATTRIBUTE DATA AND RATINGS

13



The MSD analysis

. The WMS installation analysis

. The WMS life-cycle cost analysis

Results of the MSD analysis are presented in Volume V of this

report. Figure 3 shows a sample form which was used to document MSD

related effectiveness attribute data. It is noted from Figure 3 that the

MSD effectiveness attribute data was developed and presented on a

subsystem level in accordance with the manner in which the MSDs were

hybridized to form the candidate WMS concepts. For ease of reference,

each MSD subsystem characteristic is keyed to the associated ERF by

the urique factor/subfactor identification scheme.

Results of the WMS installation analysis are presented in Volume III

of this report. Figure 4 shows a sample form which was used to document

WMS installation related effectiveness attribute data. These data were

developed and are presented on an overall WMS basis. It is noted from

Figure 4 that each WMS installation characteristic is keyed to the asso-

ciated ERF by the numbering scheme f'w uniquely identifying each factor

and subfactor.

Results of the WMS life-cycle cost analysis are presented in 'I
Volume I of this report. Some of the data resulting from this analysis

(e.g., vessel resource usage, labor and parts requirements for operation

and maintenance), constitute effectiveness attribute data. Most of these

data were developed and presented on an overall WMS basis.

The manner in which the above discussed effectiveness attribute

data is used for rating elementary factors/subfactors is documented by

the corresponding ERFs, In order to facilitate the quantification of

effectiveness, the effectiveness attribute data for each viable candidate

system/vessel combination was recorded on the form in Figure 2 in the

format specified by the ERF. As noted from Figure 2, this form has a )
provision for indicating the source of the data and it also lists the non-

viable system/vessel combinations for which no effectiveness attribute

data (and no ratings) were developed.

14
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MSD �FFECTIVtNtSS AflRIBUTE DATA

MA JL.�E�2.�3�!I2L
MSD _______________________ Sheet 1 of 4

Id/E
15,101/ PERFORMANCE AttnbuteDats

SUbIActoe oIled. /Transp. TIsnI. lDIsposal
Ides yi� Qseacseslsdcs Subaystan Subsystem

311 Ufecr of peak hydraulic loads In black'� wale, SUOiffi on MID peu5xmance�

(a) No significant effect of black vote, peaks on h�D mgayuen perfoemursce.

(b) Effeci of black w&mns pealis is of shoal duantico. widi lein5�eary ImpUca-
norn ftv PASO aibsystern penfosmassee. easy 10 overcome.

(C) lAng-term effect of black ware, peaks. diflcisir to overcome. widi long-
reins lmplicadou for MID wluystem poafoemasice.

______ (I) No ability of MSD subsystem to handle black water peaks. ___________

313 Effecl of peak hydraulic ioais iii gray�� s. ilci meter 00 MID perkamance �)

(a) ISo algnhflcaril effect of grey wale, peaks on MID asleystem performance.
(ii) Effect of gray valet peale is of .ho� duration. wish temporary ImpUcOtloiSS

fix MID aslayseem perfssemazsce. easy 10 OSOSOitTlO.

Ic) Long-term effect of gray usia, peaks, difficult to overcome wish long-term
lsn�Akaliow for MID saAeystem penlixriiairce.

(ti) ISo awiry of MID estayslam handle gray vales peaks.

3�l Effect of low flow cossiltlom/Long Idle tlmes Iii black water means on MID
peslocmance(

3)

(a) No sIgolficiOl effect of black wale, low flow cosrdluom/long Idle Umna on
hUrl) subsystem performance.

(b) Effect of black water low flow coswlltloussflong Idle time, of sort duration.
visIt temporary ImpUcadosis foe MID sulaystens peformance, easy to
overcome.

(C) Long-term effect of black ware, low flow condidom/long Win tlmea,
difficult er overcome, wish long-term Implications be MID asleystern
perfoemance.

(d) No ablllr� of MID subsystem to handle black water low Dow condldosa/
lone Idle Unset. ______________

(1) locludna lonancanonushourly and daily loads.
(�) Peak load handling akility depeoda on Ctr subsystem. The ability of an MI)) which employs an lofluent sssrge tank to

handle peale rusially depends aln�st entirely on die sizing of diii rank,
�3) Ar eshmplo of low no. condItion I.s when 1&'� of the crew Is not or loard 'easel for a icek and usage rate by

remaining �t�' of crew is rusrrnal. long idle arises am on tire order of reYcral weeks of vistisally no usagcofMSfl.

Figure 3

SAMPLE DATA FORM USED FOR DOCUMENTING

MSD EFFECTIVENESS ATTRIBUTE DATA

I -.
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WWS INSTALLATION EFFECTIVENESS ATTRIBUTE DATA

Vessel__________ Sheet I of 10

WIE I - ADAPTABILITY FOR SllHPBOARD IN51ALLATION

INSTALLATION CHiARACTERISTIC

L Pxcnu~ited black water haiidli.% capaeiry ft: wessel versus Actual capacity of WI%ý

'a Actual cataciry of WNIS equal;c or xccvds required v~apcity for vael.
(b) W NI rnawdi~ally stalable fke vessel (hni 95-91z' i4t ,sued capacity,
ic) wvs capacity itmisfflrier for vvacl (leS dtitn 95ll'jof rc4U(t41 Clp.1l(y).

WNS4 1 2 3 1 -1 1 a 9 1 10 11 1 2 1i 14 is 18 61

I IA Requir-vul 1x-v water ha~lnd cap'. y for uclversu actAl ct alpacity of v;t

*(6) A~tl u~falCapacao 1-.WP.41115. K cxed qnrN4ireaparity for I
jbý %IS Margin~ally nul ?blc for vaid (%ý 9591 , of required capze~).

A;)~ capac~ity ILSinaiifent loti vessel (leitha )51 Jof "oqsele capacity).

.3 Extent of ed41i~onal support ristemns or eq~sJrntrtr rrxu'rte to accormwitlate: Whis~i

(a) N.o Lddidonril vuipwc syatents cc o<4smeqrnelxcdm
(bI Samew adldicoual vippoer ryiterra or equLpmerrL reqediid.
(c, Mxny additional sik*tpot lystenlo or eqv-lpr',ut rvquizeg.(3

ErnlaF~reflgti~ng sysarm must he instaLlel ii ý~ incinrator.
811le alits', ,tquifed if Lga ýark is iruralled AWa hilge.
Co nrccssor reqs!red ont vmtals tkita do rno Already ho e one.
Detecrcrs of tosdc Ax ~io~lous gatsr shvursd re InatsUed wiith -ay AySteM Ot.?a. as An inhst1tcv~ &'.Sig

frAturc, uses such fae nprocessin2 -Ws4iL.
Need for support rtyicm/equipocot docs r4L sigraftcassrly reduce WhIS sisitablilr, fur on-boar~i Instalkatior.

(3) Suiability oi WAS fosr irustallardnn 3n vesset slittiflcantly ttduced.

1s.- Ext~ent of fixture modificationa required fog NMS~ Irstalation
(a) 40 flxxut-1 raees) susIafcadcm) usc rplaccirnert.

:b) Somne ftxrsnea mced mdficationZ, or replicement.
(0; All commodeaunced replacern tri &Ms rodficationrofssli~aI-aucciased equsipmsent (c. g., urinal dimbAtge v4ivet,

.1required.
(d) All figrsaos sited ttplucemneri or rnodiftcation (e.g.. replacernswt or commodes and urinal flushortmetrs).
0). All fixuryca need veplacerncnetrnormdlficatlson arnd t~wtu fitue has addirtlos' boolozp reqssiten-zats 4ssaciwtd withs It.

Ws ~' 1  1 P1 I- 37_ 9- 1 13 14 1- Ifs 11 i8

Figure 4
SAMPLE. FORM USED2 FUR DOCUME~NTING WMS
INSTALLATION EFFECTIVENE~SS ATTR~IBUTE~ DATA
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Some ERFs call for effectJveness attribute data from more than one

source, e.g., some elementary factor/subfactor ratings for the M/Es i

PERSONNEL SAFETY and for HABITABILITY depend on data from both MSD

* related as well as WMS installation related effectiveness attribute data.

* In such cases, both sources of data would be indicated on the form in

Figure 2. As was noed earlier, MSD related effectiveness attribute data

where developed and documented on a subsystem level. Usually, such

MSD data are recorded on the form in Figure 2 for the three major sub-

systems of each WMS concept, namely:

The black water Collection/Transport subsystem

The black water Treatment/Disposal subsystem

The gray water Treatment/Disposal subsystem

The relationship between the above WMS subsystems and corresponding

* MSD subsystems is conveyed by Tables 1 and 2. These tables serve as

a guide to the MSD effectIvs\ness attribute data presented in Volume V of

this roport. Table I enables easy identification of the MSD subsystems

corresponding to each WMS concept. Table 2 idcilitates easy identification

of each WMS concept which utilizes a given MSD subsystem. Thus, if the data

for any given MSD subsystem were changed, Table 2 facilitates easy iden-

tification of all WMS concepts that would be affected by such a change.

Quantification of Effectiveness

As a first step in the quantification of effectiveness, a rating

was obtained for eachL viable candidate system/vessel combination

with respect to each elementary factor/subfactor. This was accomplished

by performing tho necessary manipulatiotis of the effectiveness attribute

data as specificd by the attribute variable of each ERF and then using

the quantified attribute variable in the functional relationship specified
by the ERF. The resulting ratings were recorded on the form shown in

Figure 2. These ratings for the elementary factors/subfactors were then

used (tofther with the effectiveness model) to prepare the necessary

iiput.s for tho computer proyram for qaantl~ying effectiveness. The output

from the computer program •re overall effectiveness ratings as well as

"ratings with respect to each M/E for each viable system/vessel com-

bination. 17



Table 1

WMS/MSD CROSS REFERENCE FOR EFFECTIVENESS ATWRIBUTE DATA

W•MS Collectioiv/rransport Treatment/Disposal Subsystem
No. Subst*m (Blacv) Black

1 CHTCHT CHT

2 Chrysler Chrysler with Hold. CHT
, t~nq Tank

3 Chrysler Chrysler with Inci- CHT
nerator

4 Grumman Grumman with Hold. CUlT
___ _ ing Tank

5 Grumman Grumman with Holding Tank

6 C HT MIT Gi-umman with Holding
I_ Tank

7 Grumman Grumman with "nct- CHT
nerator

8 Grumman Grumman with Incinerator

9 bored (1) CIlT CUT
10 jored_(I) - orod/Thiokol (2) CHT

11 . ered (1) GATX C HT

12 Jered (1) CHr Grumman with holding
-Tank

13 Jared (1) Thiokol (3) Grumman with Incino-
I- nc innrator rator

14 . GA._ TX CHT CHT
15 GATX -_n__in__ dati (3. CHIT

16 GJTX GATX CM I __T

17 GATX CHT (Grumman with li olding

,__Tank

1il GATX Thiokol (3) Grumman with Incine-
________ Incinerator rater

(1) Large or small boat system, depending on vossel. Effectivenesa Mttri-
bute data based on large boat system.

(2) Jroed or Thiokol inainorator, depending on vessel. Effectivoness attv-
bute data bas(,.,d on Jorod incinerator.

(3) Thiokol incinerator used in conjunction with tho (1rum!iman MSI) treating
the gray water stream. Effectivoness attribute data basod on Joied
incinerator. 18



Table 2
I

MSD/IWMS CROSS REFERENCE FOR EFFECTIVENESS ATTRIBUTE DATA

TERED
Colle ction/Transport Treatment/Disposal
§ubsystem (Black) 3ubsystem (Black)

9, 10, 11, 12, 13 10*, 13**, 15*, 18i*

GATX
Collection/Trans port Treatment/Dis posa I
S•ubsystem (Black) Subsystem (Black)

14, 15, 16, 17, 18 11, 16

CHRYSLER
Collection/Trans port Treatment/Disposal Subsystem (Black)
Subsystem (Black) WithHolding Tank with Incinerator

2, 3 2 3

GRUMMAN
Collection/Tra ns port Treatment/Disposal Subsystem
Subsystem (Black) With Holdinq Tank With Incinerator

Black Gray Black Gra

45 5,7,85, 6 12, 7, 8 e, 13, 18
17

CHT _ _

Collection/Trans port Treatment/D sposal Subsystem
Subsystem (Black) Black Gray

1,6 1, 6, 9, 12, 14, 1, 2, 3, 4, 7, 9, 10,11,
17 J A 15, 16

* Jered or Thiokol incinerator. Effectiveness attribute date
based on Jered incinerator.

• Thiokol incinerator. Effectiveness attribute data based on
Jered incinerator.

19
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DEFINITIONS

The definitions of certain terms used in conjunction with this effec-

tiveness assessment methodology are given below. ..

Attribute

A quantitative or qualitative characgristic of the candidate systems/

subsystems /equipments and/or vessels which is used as the basis for

assigning an effectiveness rating to elementary factors/subfactors. Attri-

bute is also used in connection with the following:

Attribute Data

The quantitative or qualitative "values" of specific attributes

or attribute variables for the candidate system/vessel com-

binations.

Attribute Variable

A variable which is used for quantifying an attribute of candidate

system/vessel combinations. Attribute variables are often

functions which relate attribute data at the system/subsystem/

equipment/vessel level to a numerical or qualitative "value"

which is used in corjunction with effectiven,.ss rating functions

to obtain an effectiveness rating for elementary 'actors/sub-

factors.

Effectiveness

The overall quality of a candidate determined on the basis of how

woll the candidate fulfills specified objoctives, requirements and constraints.

Effectiveness can be quantified and the resulUng number is the effectiveness

rating of the candidate which is a quantitative measure of the degree to

which the candidate has satisfied the aggregate of all established individual

criteria and thuir ielative importance.

"20



Elementary Factor/Subfactor

A factor or subfactor which has no subordinate subfactors and which

can be readily related to a single attribute (or a function of one or more

-1
attributes) of the candidate system/vessel combinations being analyzed.

Factors 1 -

The set of criteria which are implied by a M/E. Factors are char-

acterized (for any candidat system/vessel combination) numerically by

two quantities, namely, a rating (which measures how well the candidate

satisfies the criterion) and a weight (which indicates how important this

factor is in relation to the other factors of the same M/E).

Level of Subordination

The indenture of a given factor or subfactor in the hierarchical

structure of the effectiveness model. A numbering scheme used to uniquely

identify each factor/subfactor within each M/C indicates the level of

subordination.

Measures of Effectiveness (M/Es) i

The set of highest level criteria used as the basis for assessing the

overall effectiveness of candidate system/vessel combinations. MWEs

are characterized (for any candidate system/vessel combination) numberically

by two quantities, namely, a rating (which measuies how well the candidate

satisfies the criterion) and a weight (which indicates how important

this M/E is in relation to the others),

Rating

A quantity which measures the degree to which a candidate satisfies

either a single criterion or the aggregate of a set of criteria and their relative

importance. A rating is given as a percentage in the range of 0 to 100%, using

the convention that the highez Lthe rating the oreater the degree of acceptability

21



or quality of the candidate and vice versa. Ratings are used in conjunction

with the following:

. Overall effectiveness

SM/Es

, Factors

* Subfactors

* Elementary factors/subiactors

Subfactors

The set of criteria which are implied by a factor or another higher

level subfactor. Subfactors are characterized (for any given candidate

system/vessel combination) numerically by two quantities, namely a

rating (which measures how well the candidate satisfies the criterion) and

a weight (which indicates how important this subfactor is in relation to

the other subfactors at the same level of subordination under the corresponding

factor/subfactor).

Weight

A quantity which indicates the importance of each criterion in relation

to the others, at the same level of subordination in the hierarchical structure

of the effectiveness model. A weight is given as a percentage in the range

of 0 to 100%, using the convention that the higher the weight the more

important the criterion (in relation to the others at the same level) and

vice versa. Weights are assigned such that their sum is equal to 100 for

all criteria at the same (and every) level of subordination. Weights are

used in conjunction with the following:

. M/Es
• Factors

•Subfactors
Elementary factors/subfactors

22



RESULTS OF APPLYING THE EFFECTIVENESS

ASSESSMENT METHODOLOGY TO THE

CANDIDATE SYSTEM/VESSEL COMBINATIONS

This section of the report contains the results of applying the -I

effectiveness assessment methodology to the viable candidate system

vessel combinations included in this study. The candidate systems -

are intended for managing both the black (output of commodes, urinals

and garbage grinder) and the gray (galley and turbid, i.e., output of

sinks, showers, laundry, deck drains, etc.) wastewaters aboard the

candidate vessels. The candidate systems consist of the 18 wastewater

management system (WMS) concepts in configurations suitable for the

vessels included in this study (see Volume IV). Of these potential

candidate system/vessel combinations only those considered to be

viable candidates on the basis of the installation analysis (see Volume III)

were included in the effectivness analysis.

The results of this analysis include the following:

The structure of the effectiveness model which consists of

the measures of effectiveness (M/Es) and the factor/sub-factors

of each M/E together with their associated levels of subordina-

tion.

Weights for the M/Es and for the factors/subfactors of each

M/E at every level of subordination.

Elementary factor/subfactor ratings for every viable candidate

system/vessel combination. These ratings include the following

information:

23



4

An effectiveness rating function (ERF) for each elementary

factor/subfactrr Identified by the unique numbering system.

Effectiveness attribute data for each viable candidate

system/vessel combination in a format specified by the

the ERF. -

Elementary fagtor/subfactor ratings for each viable

candidate system/vessel combination.

Overall effectiveness ratings as well as ratings with respect

to each M/E for all viable candidate system/vessel combina-

tions.

The results of the effectiveness analysis are given in the order

indicated above except for the last item. Thcsc ratings appear both in

the "Summary of Candidate System/Vessel Effectiveness Assessments"

in the front of this report as well as in the discussion of the computer

program for quantifying effectiveness as the "Output Report" portion of
, ~ the sample problem.

24I
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STRUCTURE OF THE EFFECTIVENESS MODEL -

--- r.

MEASURES OF EFFECTIVENESS (MES)

I ADAPTABILITY FOR SHIPBOARD INSTALLATION
(Suitability for vessel, ease of installing,
effects on vessel)

II -PERFORMANCE

(How well system accomplishes intended
functions)

III OPERABILITY
(Ease of operation, burden on crew,
operational expendables)

IV - PERSONNEL SAFETY
(Likelihood, severity and ease of correcting
hazards)

V - HABITABILITY
(Noise, odor, heat, user comfort, aesthetics)

VI - RELIABILITY
(Potential for failure free operation)

VII - MAINTAINABILITY
(Ease of correcting failures, manpower
and logistic requirements)

25I
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Factors/Subfactors

of

I - ADAPTABILITY FOR SHIPBOARD INSTALLATION
Ident.

1 * WMS suitability for vessel

11 * Required capacity for vessel vs, actual capacity of system(s)

II1 I** Black

112 *.* Gray

12 *9 Materials disallowed or not recommended (as specified in sub-chapter

T&F of the Merchant Marine Code and CG MSD regulations)

13 ee Extent of additional support systems/equipment required to accommodate WMS

(Compressor, fire fighting equipment, bilge alarm, ozone detector, vents, etc.)

2 Ease of WMS installation

21 ** Extent of fixture modifications (i. e., existing commodes/urinals/fixtures vs.

special commodes/urinals/fixtures, including hook-up requirements)

22 ** Extent of flush medium supply modifications (existing aea water or fresh water,

conversion to fresh or sea water, conversion to non-aqueous medium)

23 *. 'Ease of installing wastev.oter Collection/Transport subsystem

(Note VCT for JERED and M/T pumps for GATX)

231 *09 Hook-up requirements (e.g., drain piping, electric cables connecting

commode, pump and control panel in GATX, but not in JERED)

232 *&9 Routing flexibility for drain piping modifications

(e.g., continuous slope and vent requirements for conventional full

flush drains vs. JERED and GATX drains)

233 eee Space requirements

234 *ee Modularity of systems

(i.e., single package unit vs. decentralization of components)

235 *** Vent requirements

24 *e Ease of installing waste Treatment/Disposal subsystem

241 *,e Space requirements

242 *** Hook-up requirements (piping for fuel oil, fresh water, cooling water,

compressed air, interconnecting remotely located equipment, overboard

discharge line, etc.; electric cables for power supply, remote control

panels, etc.; ducting for ventilation, etc.)

26



243 aooModularity of system (single package unit vs. decentralization of

components; note that decentralization of components may require

additional hook-ups and piping runs).

244 09@ Vent requirements

245 *00 Exhaust stack requirements

25 go Ease of installing WMS support equipment (e.g., compressor, fire fighting,

bilge alarm, ozone detector, vents)

26 *0 Ease of compensating for added weight of WMS

27 ** Degree of vessel alterations required for WMS installation

271 goo SHIPALTS - permanent modifications (e.g., foundations, enlarged doors/

hatches, increased capacity requirements fcc air compressor)

272 ,,, Temporary modifications (e.g., cutting access openings)

S 3 Effects of WMS on vessel

31 ** Stability

32 ** Trim and list

33 go Normal range

34 of Degree of space trade-off/reallocation required

35 go Vessel resource consumption

351 *oo Electric power

352 goo Fuel oil

353 g o Potable water

* 354 *** Compressed air

355 *oe Cooling water

27
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-.. . ..... .. .. . .. -. . /Factors/Subfactors

of

II - PERFORMANCE

Ident.

1 * WMS figures of merit

11 go Per capita energy consumption (electric power; power for ventilation,

compressed air, pumping flush medium and cooling water; fuel;

fuel for fresh water generated aboard vessel).

12 *e Per capita system weight (wet)

13 *e Per capita system volume

2 * Adequacy of WMS holding times

21 go Black

22 oe Gray

3 * Ability of WMS to handle,and effects on performance.of abnormal hydraulic loads

31 go Effect of peak loads

311 0.,0 Black

312 ooo Gray

32 ** Effect of low flow conditions and/or long idle items

321 Black

322 Gray

33 go Ability to handle additional personnel

331 so, Black

332 *o o Gray

4 WMS designed to operate for sustained time periods (e.g., CHT has limited

holding capacity vs. JERED, with incinerator, has indefinite capacity)

41 bg Black

42 go Gray

5 * Ability of WMS to handle ground garbage and extraneous materials in

black water stream

51 ** Ground garbage

52 go Foreign materials/objects

53 ** Detergents/surfactants

54 oo Toxic materials (as it affects performance of biological system)

"6 g Ability of WMS secondary emissions to meet applicable standards

61 eo Discharge of significant air pollutants

62 .e Disposal of oil contaminated residues at sea

7 0 Performance risk for WMS configuration (i.e., hybrid systems, experience)

71 ** Black 28

72 o* Gray



Factors/Subfactors

of

III - OPERABILITY .

Ident "

1 * Ease of WMS operation

11 Automatic/sermi-automatic/manual operation

12 go Disposal of residue(s)

13 go Mode changeovers

(primar, to overboard discharge cycle/pierside to primary cycleh)

14 *. Likelihood of violating effluent standards because of procedural errors

(discharge of effluent which doesn't meet emission standards, flush oil,

evaporatcr residue, wastewater or sludge from holding tank, stack, emis-

.siogns from incinerator which do not meet standards, etc.)

2 * Buiden of WMVtM on crew's operating personnel.

21 *. Frequency oi operator involvement"

22 so Man-hour requirements

23 go Skill level requirements .

24 p* Training requirements

25 o• Effect on work routines/schedules

26 ** Additional personnel (billets) required

3 Operational supplies and support equipment operating requirements for WMIS,

31 ** Amount of consumables/expendables

32 *, Availability of required specialized or unique consumables/expendables

(i.e., vessel inventory, general commercial availability, federal stock

system)

•i 33 Operating requirements for special or unique WMS support equipment

29
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Factors/Subfactors f
*of

IV PERSONNEL SAFETY

Ident

1 o Contact with/spillage of toxic/dangeroi.ýs suhstae•ce associated with WMS

11 04 Inherent design feature

12 es Procedural errors/equipment failures (note repair induced hazards)

2 * Explosive potential for operator/maintainer of WMS

(e.g., pressurized vessels, vapors)

21 *, Inherent design feature

22 0, Procedural errors/equipment failures

3 . Fire ignition potential of WMS

31 ** Inherent design feature

32 *, Procedural errors/equipment failures

4 * Electric shock potential to operator/maintainer of WMS

* Physical hazards associated with WMS

S1 ** Sharp edges

52 so Hot surfaces

53 *, Rotating machinery for maintainer

__30



Lactors/S ubfactors,
of

V - HABITABILIT'Y

Idant.

1 * Bocterial contajminationi,associated vitth WMS (user psychologiceki renction)

** nFirernt dosisgn fenture

12 0 Procodura) errars/ei U ipr-e nt fai I r as

2 *FiXtUro officacy of WMS

21 .Com~fort

22 so flushing i-roceciure ruquiremen1Ets

23 es Waste retention, in bowl

24 00 I.Lkeolhood --)f Lu6or conto'ct with flushing medium

25 F* lushing rne,ýum !ýippearancw

26 to riusiing noise

*Odors prodce~wd by WMIS

31 go Inhorront cjosign fea~ture'

32 ** PCOCOdurai errors/orluipmonot failuros

#1 WMS hear. qenioration fo~r opor~ttor/rniiP~ainir-/,idjeicent be~r-ting aindworking droti

41 00 Inhorent dosign otr

42 so Procodurali orrurs/ozitiipmntv failutros

S Nis ov1~in''t -Atyo WMS for cprtminIcr/davLberthing

-~td workhiri a r cmu

6 ~Vibration producod by 'IMS for Oprtriain a/dac i borthl~iqi (1At1

7 * 1ffuct of WMS on user hOLISekOcp~iCI roultinles

Mai



, lk

VII
21 a actors.itubfa ctor-

22o Exeto.ofgrainrdnac

,: VI- Rt•LIAB•ILITY

2d e n t. " E ' , ' ,,-

"2 D 'aeglure frequency index for WMSindepende

2 3 Reliaibility index for WM$ (system do~ign/con~igurat~on)
2 1 * * •3y s te m c o m p le x ity ; - - -- : -:• . ..' '

22 ** hxtent of configuration redundancy d,

(erg., additionai he.ad Spaces2/fixtures throughout 'esse)
23 ** Extent of equipmont/component redundancy

24 *, Degree. of equipment failure Independence .

(I.e., failure of one Item will not cause another item to fat!).-

25 ** Adequacy of equipment ratings /

26 ** ProvitAons for fault actuated cut-off mechanisms to protect sysŽtem.,

(i.e., provision for fail safe operat!-.,n) .

3.. *3 R~eliibility risk for WMS

S(e~g., hybrid configuration, tnnomattve design, exp.erience)

"I

I ?1



f.M

ractors/Subfactors

of

VII - MAINTAINABILITY

Ident.

1 * Corr-ctive Maintenance (CM) requirements for WMS

* • 11 ]*Frequency of CM actions (failure frequency)

12 ** Man-hour and skill level requirements

13 E• Ease of repair/replace

131 069 Accessibility of replaceable components

132 *E £xtent of system modularization

133 •,* Degree of repairability on board vessel (repair vs. replace)

134 *.. Availability of manufacturer field support and training programs

14 ** Spares stockage requirements

14 Ex'tent of spares stockage requirements

142 go, Special/proprietary Items vs. standard supply parts

2 * P.ventivc Maintenancc (PM) requirements for WMS

21 ** zquewicy wx PM <ictioiis

22 ** M, l-hour requirC'ni thi [I.

23 E* lffect on watchstande, tout1ites

3 * Overhaul Maintenan-'e requiremenits for WMS

31 06 Frequency of overhauls

32 *, 1an-hLour and skill lovel rQccUi1Aiuts

33 ** Special dockling requirements

4 * Logistic fequirements for WMS

33



WFIGHT ASSIGNMENTS

M e'E We ights !

M3 MEASURE OF EFFECTIVENESS (M/E) WEIGHT I%1

* -- I - ADAPTABILITY FOR SHIPBOARD INSTALLATION
(Suitability for vessel, ease of installing, 8
effects on vessel)

II - PERFORMANCE
(How well system accomplishes intended
functions)

III - OPERABILITY
(Ease of operation, burden on crew, 12
operational expendables)

IV - PERSONNEL SAFETY
(Likelihood, severity and ease of correcting
hazards)

V - HABITABILITY
(Noise, odor, heat, user comfort, aesthetics) 17

VI - RELIABILITY 23
(Potential fc 'allure free operation)

VII - MAINTAINABILITY
(Ease of correcting failures, manpower 14
and logistic requirements)

34
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ErrECTIV2NrSS RATINGS FOR LUMENTAR.Y rACTORS/SUBIFA(TORS.

W/C I - ADAPABtLITY FOR SHIPBOARD INSTALLATION

S Required black water h-rndling caipactty for vessel vs. actual capacity of WhqS

Ettectiveness Rating Function

0 (A) Actualapac ity of WMS eNuU'.s Of CXceeds '.ý-uii capAcityv03 t .Vesel

-/ - 'b (b) W WS marginally suitable for vessel (has 9)5-ql9', of req.uired7D .- capacity)...

WM5 capacity Insufftcicint fbr veet (le(I rhAn 1.994 of required

I c-. ( _

W wNIS w il WMS

'L_ ArnlllAII. C rn

Effoctivness ttsributalData and R-aun! Comb n~tions
* WMS GAUIATIN - IIO~U F[XEBUSH- PAMLICO .WHITr. SAGE, POINT HERRON

i j _(10') (180') (160') (133') (82')

i.10 C a CA0 I a 100 C 0
2 a ___ c o Ia a I zi i I00 N A..
3 0 100 N A tOo0. 100 a 1100 N A

1l0 0 14A 100 a 100 a 100 N A

N A N A i 100 ( !Oo a i0/ N A

6 N A N A a too . (00 a 1i00 N AJ
7 _ _ 100 N A I0 ( 100 a (00 N AA

N A N A 4 100 a 100 a too N A

0 a 100 c 0 a a 100 a 00 at

10 _ a too a 100 a !0o a too N A

I.1 0 0oo N A a 100 10 0 a 100 2 100

12 N A N A ( 00 a t 100 0 N A

13 N A N A a a o0 a 0 100 N A

141()~ 0 a. XO a t00 ki 100 410

150 __ 100 a 100 a 100 0 too 11 A

16 a 00 lO 100 a 100 a 100 "a 100 a00

17 1A NA ai 100 0' 1 0

18 NA N A 0. 100 a0. aQ N A0
- - -r--ib-lt4-IRa-- -i.ng N/A- Not a vible. tylt r m- Combinato. 45



"EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

ME I - ADAPABI.ITY FOR SHIPBOARD INSTALLATrON

112 Rmquired a-ay water handlinq capacity for veqsel vs. actual rcavactty of WMS

Eltectiveness Rating Function

100 a (a) Actual capacity of WMW equals or e~xcccds mquircd capacityI lOt veuaci.

70 b.fr"11
(b) WMS marginally suitable for vessl (hat 95-99A of rquired

(c) WMS capacity Imufficlent for vesei (leas than 9gre of riultred

0 ___ _t__ __ ~W -Tf S

AIIA1. A.-t.

Mrtiveness ttribute Data and Ratingsfor Viabl"e Syst esecom atrs

WMS GALIATIN VIGOROUS FIREBUS1i PAMLICO WHITE SAGE POINT HERRON

- (378') (210') (1601) (133') .2)
1 C 0 0___ C 0 C 0 a too 0

2 C _ _ 0 10

V C CNA C 0 G 0 o too N A

4 C 0 NA C 0 C 0 a 100 N A

5 N A N A Q 100 a ICo a 100 N A

N A N A a oo a I100 a 100 N A

7 C 0 N A 0 0 W0 1 100 N A
8 N A NA a 100 a too 0 100 N A

C . c C c C Q_ a o100. C

10 C 0 C 01 . 0 C 0 a 100 N A

11 C 0 N A C 0 C 0 a 100 C 0
12 N A PT A. a 100 a 100 a loo N A

13 N A T4 A ( 10 Q 100 0 100 N A

14 C 0 C G c 0 C 0 a b0 C 0

is C 0 C o0. _ 0 c 0 a 100 N A

is$ C 0 C 0 C 0 100 oo c

17 N A N A a 100 a 100 a 1oo N A

- - N I N A a 10 oo, ,100 a (]oo N NA

A aibute DatlRa .ti•ig N/A - Noo a viable systemr/vem.l smnbination
416



A
EFFECTIVENESS RATINGS FOR ELEMENTARY IACTORS/SUBFACTORS

M/I" I - ADAPAB[LITY FOR SHIPBOARD INSTALLATION

• 12 , WMS mat irials diallowfd or not recomniarided*

Etlectivenuss Rating Function L *u"a C 'r'D" ',

RWAS Rating &W6 WbLS Data givec in the forms

RAt LRg ft (black watw) C/T suboystem z ZB ZG ,D) At-ibuto

P .1T i D R &a d fo r b la c k w m etc i T / I) su b a pte.m I T R ý ) FLURDT

fZ a . .T •.Ra S fat gray wale T/D jubystem C/T. /D ID

DefhtUnsm of 7. ZB ZGTI

(a) No diafllowed ot not recommended macerials ixesent in WMS subsystem."
(b) Some dissUowow or not iecommerided matertal preient, in WMS subsystem,

but re.saulta problems cAn be solved or corripemated for.
(c) fteae=e of dlsatowed oi not recommended matertals in WMS subsystem

preaects problems wi: no feasible solutiom.
C.. * As specified in subchapteri W&F of Merchant Marine Code rnd MV¶3 I wMS I

oAtt i-bute c..c.G D ReguLiton,. IAn*L Inlia ' JCon
-- A•nl.M. An'al.

* For r~pe of ft trdy, C , G. die coc (a) fo evr I

Effertiveness Attribute D~ata and Ratings for V106bW S s ;el Combinations
WMS GALLATIN VIGOROUS FIRE BUSH PAMLICO WHITE SAGE POINT HERRON

_# (3 78') (210') (180') (160') (133') (82')

II o
N- - NA -N -A

3 N A N A

4 N A A. -A-
5 N A N A IN A

6 N A N A N A

7 _ _ A I_ ___N A

81 NA 1 NA I I I I N A

10 D___N A

11 N__ NA _ _ _

12 -N A N A N A-

13 N A N A N A

___ N AE N -A N_ A- -

1 18 N A N___ A_-_:J'-:A

Antrbuteb DAuki Rating INfA -Not & viabla systemn/vessl combination 4



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTOIRS

K/E I - ADAPABILITY FOR SI-IPBOARD INSTALLATION

13 Extent of additional support systems pr equipment required to accommodate WMS

Ettectiveness Rating Function
R•tng ( (a) No additional supporn systems of equipment, requited.

16 a (b) Some additiona mipport systemts or equipments required.

(c) Many additional support systems or equipmentl required, *,

- b Examples:
Firefighting system must be nstal•e4 with Incinerator.
Bilge alarm requtied if Large tank is imtsiled above bilge.

. Compresor zequied on vessels that do not already have one.
+ Detectors of toxic or noxious gases should be Installed with any system

that, a ain inherent design feature, uses such gases iw procetisng wastes.
* NeeR for spjpxrt system/equIpment does not significantly

reduce WMS sultabiity for on-board installation.
** Suitablity on WMS for intallation on vessel Is

sc signiflcantly reduced. ,sL WMt. wLO

Anal. Anil,

Effectiveness Attribute Data and Ratings for Viable Systqm/Vessel Combinations
"WMS GALLATIN I VIGOROUSP FIREBUSH PAMLICO WHITE SAGE POINT HERRON

((378')A (210') (180') (160') (133') (82')

1 75'75 b 75 6 75 b

2 6 7,1 6 75 I 75 6 75 6 75 N A
3 b 75 N A ... 75. b. 75 6• 7 N A
4 b 75 N- A b ý5 6 75 -6 1s N A
5 N A N A 6 6 75 6 75 N A

6 N A N A 75 6 75 76 N 1
?~~ ~ 5 5 B 7 17 N A
NA 5 NA 6 75 6 65 I 75 N A

10 75 6 75_ -71 N A

I1 b 75 6 A 6 7 b 675 6 75
12 N -A _ A 75 _ 7 a 15 N A

13 N A NA 6 .75 6 75 75 N A

14 b 75 b 71 6 75 1 5 6 75 _ I 75

1575 b 7- 6 75 6 75 5 5 N -A

16 75•6 7S 6 7 6 15 6 15,

17 N____ A____ N_ A__ 7____ b 1 15 N A

181 1 I A 1 l.A 75 b t15 b 75N !

"Attribute Daa-- 4- Rating N/A - Not a viable syste!m/venel combination 48

114
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EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M/E I - ADAPABILITY FOR SHIPBOARD INSTALLATION

2 21 Extent of fixture modifications required for WMS installat'~on

Ettectiveness Rating Function

(a) No f.xtura need modification cc replacc~ment,

(b) Some ftzurct need modilication or replacement.

(c) All commodes need replacement and modiftcarion of urinal-maoclated
auipment (e.g., urinal discharge vAlvet) is required.

b (d) ALI fttu.n need replacement or modification (e.g.. replacement of
.'ommodfi and A tril flushomcters;.

(e) All fitzea need replacement or modification and each fixtu-re has
additional hookup requlremencs amoctated with it.

20- -- -- -------- d

Effectivene AIPEI: ard-'-tings or Viable Syst m /essel Combinations
V/MS GALLATIN !VIGOROUS FIREBUSH PAMLICO WHITE SAGE POINT HERRON

- •(378') [ (2W 0') (180') (160') .... (133') (821)

S0oo a 100 a 100 o a q00 1
2 0 100 a 100 100 20 a 100 N A
3 10o N A a 100 d 20 ac 100 N A
4 a 100 N A a 100 2 2o a lo N A
5 NA N A 0 d 120 0 100 N A

6 h A N A a 100 d 20 a 100 N A

7 (. 100 N A 0 100 d 20 ao 100 N A

8 N A N A a 100 d 20 a 100 N A

9 C C 40 C 40 d 100 _C€ 40 C 40

10 C 40 c 40 C 40 a 100 1 C 4Q N A

11 c 40 N A c 40 cl 100 c 40 C 40

12 N A N A C 40 a 100 C N A

13 N A N A C 40 1I00 C 40 N A

14 C e 0 e 0 e 0 e e _ 0

15 e 0 e 0 e 0 e 0 e 0 N A
16 e 0 e 0 e 0 e 0 e 0 e 0

17 N A N A e 0 e 0 e 0 N A
18 N A N A 0 C 0 e 0 N A

Atturbute DAaJ .Rating NIA - Not a viable system/yesel comblnation
49 __



EPFECTIVENMSS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M/E I - ADAPABILITY FOR SHIPBOARD INSTALLATION

22 Extent of flush meduim supply modifications required for WMN- installation

Ettectiveness Rating Function
Rain (S)

a00 • (a) Exhdng flush me4urn s used.

(b) WMS equia coevceslon of flush medium to potable water.

(c) WMS mequime conversion of flush medium to weLuladng non-siwueous
medium.

(d) WMS requres conversion of flush medium to &alt waLc. *

40---

-0 c Convemion to salt water requires pump re-sizing, rapping into the sea-chest

and provision for its corrosive properttls. For the PAMUCO. salt water
would be used if the drain system were converted to a standard flush
system (C, G, supplied information).

At-Al . i Anal I

E••ffectiveness A-ttribute D~ata and Rati-ngs for Viable Syst, m/Vessiel Combinationsi

WMS GALLATIN VIGOROUS FIREBUSH PAMLICO WHITE SAGE POINT HERRON(3078') ! (210,) ! (180-) (160-) (133,) (82':)
I -- 

I

S a 100 a 100 a 10 Cl 100 a 100
2 ..... 3!C 30 C 30 30! N

3 c _ 0 N A _0 C __ C _0 N A
4 a 1001 N A a 100 d 0 100 N A

S N A N A d loo d 0 Q 100 N A

6 N A N A a 100, 0 a 100 N A

7 a 100 N A 1 100 d 0 a 100 N A

8 N A N A a 100 d 0 401 100 N A
401 6 40 6 6o a _oo _ 40 o

10 6 60 40 6 4/0 _ W00 b 40 N A

11 6 40 N A 6 40 Q il0O 6 40 b 40

12 N A N A 6 4o a 100 6 40 N A-

13 N A N A 6 40 al 100 6 40 N A

14 b 40 6 40 6 40 a I0_ 40 b 40

15 6 40 b 40 4 a 10o b 40 N A

16 6 40 b 40 b 40 LI 100 b 40 b 40

N A NIA 6 40 00 b 40 N A

1N •JA N A 6 40 a 1o0 6 40 NA

Attribute Dava-- C Rating N/A - Not a viable systcm/vessel combination 50

- i



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/S UBFACTORS

M/E I - ADAPABILITY FOR SHIPBOARD INSTALLATION

23 1 Hookup requirements *for WMS Collection/Transport subsystem Installation

Ettectivenes s Rating Function (a) No additional hoolkp reqmement beyond existing ones.

Rad ig (%) (b) Requires ptping for recirculation of flusb medium (in existing

gravity drain system).
100 a

(c) Special and centralized Collectiontrransport subrytem required.

90 (d) Special and non-centralzed Collection/Transport subsystem required

(Includes converion fom reduced flush vacuum collection to a

standard Wavity drain system, with or without recirculation).

QNO: If the WMS Is an MSD being installed on avewel with a standard
drain system and nm existling WMS, the following ratings would

capply to the basic M.S considered in tis study.

4 -- 100 - CHT, Grumnman
90 - Chrysler
40 - J.eED

0 d 0 - GATX * ]e.ofwDai..l

,ttrilte E.g., drain plplngz electric cables conneaizig Awl. IIu"taU., Con

commode. Mtr pump and control panel in GATX. ,.l.. - MAI.

but not in J-0ED.

Effectiveness Attribute Data- and Ratings for Viable Sys;tqmiVessel ombinatons-
WMS GALLATIN I VIGOROUS JF!IREBUSH PAMLICO WHITE SAGE IPOINT HERRON

(378') (210') (180') (160) (133' ) (82')

1 ___ _ 100 o [0 a 00 4 0 d .o a 100

2 j b 90 6 90, d 0 6 90 N A

3 -a_ 0 N A b 30 d 0 b 90 N A

4 a 100 N A q 100 d 0 a 100 N A

5N A N A 100 d 0 a 1oo N A

6 NA NA a 0 o a to0 N A

7 _ _ 100 N A t 100 d 0 a 100 N A

8 N A N A a 100 d 0 0lo0 N A

9 C 40 C 401 c 40 1 100 1 40 C, 40

10 C 40 0 40 c 401 a 100 C 40 N A

11 c 40 N A c 40 a to0 C 40 c 40

12 N A N A c 4Q 0 100 C 40 N A

13 N A NIA c -49 0 100 c 40 N A

14 c 0 d o d o 4 o d o d 0
is 0 d 0 d a 0 d 0 N A

16 d o d 0 0 o 0 d 0 0

17 N I A_ d 1 0 d o N A

18 N A NA d 0 d 0 1 0 N A

Attribute DataJ Rating N/A - Not a viable system/vese combination 51



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFAC 'roRs

M/E I - ADAPABILITY FOR SHIPBOARD INSTALLATION

232 I Routing flexibility for drain piping modifications* associated with WMS
Collection/Transport subsystem instaliation-*

Ettectiveness Rating Function

(a) Routng is highly flexible.

100 •(b) Routing is moderately flexible, with some reasrictions.

(c) Rioultng is highly infle:ible.

80 b NOTES. 1. With gravIty drainage. lins must always slope downward and
require venti.

2. Smaller size lines are inn.rently more flexible.
3. With the pump or vacuum Collectlon/Transport subsystem.sharp

beads. rises and long runs can be accommodated in piping.

*Of the three relevent categories of routing of line. (piping, ventilation.
electical), piping Is the most important for awsning use of WMS
install.ttio ,

** In all cases. WMS instalation is to be considered from sIt l r .- .s

Attribute the point of view of modifications required to exlting 1 AnaL. tima.tCot,
condltions. . I Anl .

Effectiveness Attrinuti Data and Ratings for Viable Systqm/Vessel Cormbinations
WMS GALLATIN [VIGOROUS i FIREBUSH PAMLICO WHITE SAGE YPOINT HERRON

# (3781) (210') (180') (160') (133') __(82')

1 a 100 4 100 t 80 100

2 a 100 00 6 80 g o0 a too N A

3 0 100 N A 6 80 0 a i0o N A

4 a 100 N A 6 20 b so a 100 N A

SN NA N A b So b 2 a '11"00 N A

6N A N A b go b so o 100 N A
7 a 100 N A b SO 6 so a I00 N A

8 N A N A 6 901 6 go 0 100 N A

9 6 90 0 b 20 a 10O 6 _o b 80

10 b 6 90 6 so a 100 b so N A

S 1 90 N A 6 90 too 1 so b so

12N A N'A b Q a 100 6 20 N A

13N A N A b 20 a 100 6 go N A

14 9o o to b So b go 6 go 6 8o

15 660 6 b '0 b 6 go 6 So N A

16 6 so Vo 0 b s0o 6 o 6 9o b 80

17 N A N A 6 so 6 6 9 N A

SN8 A N A 6 s0 b b C20 N A

Attibute DatJ 4-Rating N/A - Not a viable system/vessel combination 52



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS _

M/E I - ADAPABILITY FOR SHIPBOARD INSTALLATION

233 Space requirements for WMS Collectiton/Tran sport subsystem installation

Ettectiveness Rating Function

(a) o addtlional space required.

-0 b (b) Some additional space LuLured.*

(c) LUrge amount of additional space required **

' E.g., M/T pumps In GATX; or small influent surge tank.

**_E.g.. large VCT in ER.ED; o large Influent surge tank. if Dot

Attribute MSD i WLIS
SAt~lglte An alsnlI. Cog

Effactiveness Attribute Data and Ratings for Viable Systgm/VesseI Combinations
WMS GALLATIN VIGoROUS I FIREBUSM PAMLICO WHITE SAGE IPOINT HERRON

0 (378'1) (210) (180'1) (160') (133') (82')

1 a lo a 1001 atooa Joo a 100 a 100

2 6 50 a 1 too b 50 6 50 6 50 N A

3 6 501 N A b 50 6 50 6 50 N A
4 b 50 N A a too 6 50 4 100 N A

5 N A N A a 100 6 50 Q 100 N A

6 N A N A a 100 b 50 to 100 N A

7 6 50 N A 0 100 6 50 a 100 N A
8 N A,. N A b 50 6 50 a 100 N A

9 6 50 6 50 6 50 a 100 a 100 6 50
10 5 506 50 6 0 a to b 50 N A

II b 50 N A 6 50 C 100 o b 50 6 50

12 N A N A 6 50 0 100 o 50 N A

13 N A N A 6 50 a 100 6 so N A

14 a 100 d 100 a_. 100 0 00 oa 100 a 100

15 a 1oo 1 too a 100 a 100 0 Ioo N A

16 0 100o ( 100 a 100 too a o100 100

17 N A N A b 50 a too a 0oo N A

18 N A L NA -a 100c 3 a o d '~ 100lo N A

Attrbute Datm-# L_ Rating N/A - Not a viable system/ve.sel combination 53
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EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

WE I - ADAPABILITY FOR SHIPBOARD INSTALLATION

234 Modularity ef WMS Col ection/Transport subsystem (as it affects installatton,

Ettectiveness Rating Function

it .(a) Degree of modularity of subsystem aids in lintallation of C/T subsystem.

(b) Degree of modularity of subsystem results in some (mnlimal) difficulty

in Listaflation of C/T subsystem,

(c) Degree of modularity of subsystem results In moderate difficulty in
Intallation of C/T subsystcm.

NOTE: On vessels that do not currently have a WNIS, a high degree of
Is-- modularity aids in instaLlation, and a high degree of subsystem

centralzation (as in the JMED) results in d.ifflculties for

Installation,

o~ s me________ Ucof Dj0 Nis[) , . M w \15 'XS

Attribute Al.I. lralI. Cost-
An31|. Anal,

Effectiveness Attti•'te Data and Ratings for Viable Systqm/Vessel Combinations
WMS GALLTIN I VIGO IOUS FIREBUSH PAMLICO WHITE SAGE POINT HERRON

* (37e') | (20') (180') (160') (133') (82')

q 100 0 a too C 100 Q 100 Ia 100

2 0j a too a too a 100o too N A

3 a i N A a too a 100 a 100 N A

4 . 100 N A a 100 a too a t00 N A

SN A N A a Ice a 100 a 100 N A
6 N A N A r, 0 a too a 100 N A

"7 a too N A I 100 0 0tt o a 100 N A

8 N A N A a too a too a -o1 N A
9 to10 b 40 a 1 0 100 0 t0o0 a 100

10 Q 100 b 40 a !0 o o a 100 a 100 N A

1 a 1001 N A a 0 1001 0 0 a 00 O100

12 N A N A a 100o a t0 a 10.0 N A

13 N A N A a Ioo a to0 a too N A

4 _ 00 a 1o 0 to 00 too a 100 10oo0

15 a 1001 a tOO a 0_0 a 100o a 100 N A

16 a_ fool 0 fool a ioo a 160 0 ' 100 a too
17 N A N A a 100 a I00 a 100 N A

18 N A N A I a t100 aOO 1 00 N A

Arndbute Dataj Rating N/A - Not a viable systern/veasel combination 54



EFFECTIVENESS RATINGS FOR ELEMENTARY rAGTORS/SUBFACTORS

W/E I - ADAkPABILI'rY FOR SHIPBOARD INSTALLATION

III~iet requirements for WMS Collectton7Transvort subsystem installation

Ettectiveness RaLing Function

100

(a) No vents ame required other than %be existing vents.

(b) Few vents are required In addition to *he existing vents.

(c) Many Yomt ame required in addition to the existin vents,

ON hIiDWIMS hiWsI
Atruibute IAral.IIua.l.ICost

Efectivene~ssTttribut~a Data and Rating-s for Viablej~ Sy-4r/essel Combinations
WM1S GALLATIN [VIGOROUS I FIREBUSH PAMLICO WHITE SAGE jPOINT HERRON

(378') [ (210') J (180') Q_ (6 0') _ (133') _ (82')

1 0_JODI a 100 a 10) Ot 100o a. 100

2 6 so 6 go b 201 6 lo 6 go N A

3 6 so N A b ? 6 go b 0 N A

4 6 N A sj o 6 20 a 100 N -A

5 N A N A 6 LO 6 go a 100, N A

6 N A N A ___j 6 a 100 N A

7 6 20. N A 6 so N 6 A

a N A N A b 90 6 0o 6 90 N A

9 6 _o 1_ g 6 so a 00 6 91 6 so

10 go 6Q so 6 s0o 100 b 6 N A

11 so N A 6 _ a 1oo b 6 90

12 N A N A 6 80 go 6 io N A

13 N A N A , _0 b g' 6 N A

14 6 80 CA _ 100 a__ 160 6j J _0 10 b q0O

is 6 g80 a '00 100O b ~Q a 100 N A

16 6 20 6 801 a 100 b_' 100

17 NJA I N A a 100 6 Q~ 100 N A
18 NA NA a 100 6 20 ~ 100 LN A

Andulnte DAata- -- Rating$ N/A - Not a viable systemi/vessel combibnation 55



EFFECTIVENESS RATINGS FOR ELE MENTARY FACTORS/SUgFFACTORS

M/E I - ADAPABILITY FOR SHIPBOARD INSTALLATION

241 Space requirements for WMS waste Treatment/Dtsposal subsystem installation

Eiecti,:eness Rating Function
Rin&g ('o) (a) Volume required is mintmal and dimensmionof equipment present no problems in

fitting equipment into available compartment space.
a (b) Volume required is moderate and dimnesions of equipment present no problems

in fitting equipment into available compartment space.
(c) Volume required is moderate and dimensions equipment do present a problem

b - in fitting equipment into available compartment space.
(d) Lazge volume required and. dLmension?" of equipment do present a probern in

fitting equipment into available compartment space.

* The two main factors am (4 deck area required and (iti height required.

NOTE: Volumes are calculated as follows
C (1) Fixture volumes are calculated using smallest space envelopes.

(2) Pipe volume is the volume of a square tube with side = outside diameter
of pipe.

0 d (3) Other equipment. deck area: smallest rectangle en- o sccel a-
0 Attr~bute closing all equipment in a single package plus extra Nt S ww.,Attribute dimension area required for operation and main- AnIal. Wnu.l1. CO.

tenance. Height either maximum height of equip- AnalAl.m
men, or full compartment height, if space above iS
not usable for any other purposes.

Effectiveness Attribute Data and Ratings for Viable Syst..m/Vessel Combinations
WMS GALLATIN VIGOROUS FIREBUSH PAMLICO WHITE SAGE J'OINT HERRON

# (378') (210') | (180') (160') (133') (82')
1 6, 90 CL 1001 j 0 6 o a 100 0.• 10
_ a. ji__ ._

2 6 SO0 6 s0 6 S0 6 6 30 N A

3 6 80 N A _ O 6 o 806 g N A

-4 b .0 N A 6 s0o _ 6 o0 80 N A

N A N A b 80 6 80 a- 100 A

_ N A NA 6 80 b go 6 q0 N A
67 6 N A N A_0 _ 80 _0 N A

8 N A NA b- so so s N A

g 6 80 o 6 90 so a too C 30
J0 b go 6 so 6 s 6 go %0 N A
11 0 N A go j

12 N A N a o gO 0 b 0 6
13 N A N A 6 so b 9o 6 io N

14 6 0 oa O o b go b a0 00
15 80 6 0o s0o 6 80 b No Ar
16 30 c 30 g so 6 go 6 go 6 SO
17 N A N A 6 1-0 b 8 0 N IA I

1 N.NA _ol _o A_,__
Atuibute DAta-. 4 .-iating N/A - Not a viable ,yttem/veel combinalion 5 6
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.1
EFFECTIVENESS RATINGS FOR ELEMEN'TARY FACTORS/SUBFACTORS I

M/E I - ADAPABILITY FOR SHIPBOARD INSTALLATION

242 Hookup requ irements*.for WMS waste Treatment/Dispo6sal subsystem Installation

Effectiveness Rating Function
RPa ting (0)

a

100
(a) Pipes, ducts and/or cable.rtequftemenm are minimal.

(b) Pipes. ducts and/or cable requirements are moderate.

- [ b (c) Pipes, duct; and/or cable requirements are extensive.
60 b

* Piping for fuel oil, fresh water, cooling water, compressed air,

Interconnecting remotely located equipment, overboard discharge
line, etc.; electric cables for power supply. mrnott contol panels,etc. -: duccing f'or ventilation, etc. i • c.,,t•• -

Atnrlbutt Coe f

Effictiveness Attribute Data and Ratings for Viable Systqr/Vessel ff-c-mbinations
"W GALLATIN VIGOROUS I FIREBUSH PAMLICO WHITE SAIGE POINT HEPRON

# (378') (210') 1 (180') (160') (133') (82')

1 Ll 100 at 100 b 50 C 0 a• 100 aL 100.
2 6 so: 50 50 . C 0 b o0 N A

3 6 50 N A 6 C c 0 6 50 N A

4 _ 50 N A 6 50 C 0 55 0_ k N A

N A N A h 50 C 0 6 50 N A

6 N A N A b 50 C 0 b 50 N A

7 b 50 N A b 50 C 0 6 50 N A

8 N A N A 6 50 C 0 6 50 N A

9 6 50 b 6 50 50 6 50 6 50

10 b 50 6 5 h 50 s b 50 6 50 N A

11 C 0 14 A 6 50 b 50 , 50 6 50
12 N A N A 50 b 50 N A

13 N A N A 5 So b 50 b 50 N A

14 6 50 6 50 6 50 6 50 6 50 b 5o
50 C 0 15 b 150 b 50 N A
0 0. c 0 6 so b So b 50 6 50

417 _ N A N A b so b 0 6 60 N A

N A N A b 50 b 50 _ 50 N A

Arm'/bute Da-- R---R N/A - Nct a viable systern/ve•sel combination 5 7



EFFECTIVENESS PATIhNGS FOR ELEMENTARY FACTORS/SUBrACTORS

W/E I - ADAPABILITY rOR, SHIPBOARD INSTALLATION

243 Degree of modularity of WMS waste Treatment/DIsposal (as it affects instailatton.

Ettectiveness Rating Function
RAdng (/)

100t (a) Degree of modularlty of subsystem aids In installation of T/D
subsystem.

(b) Degree of modularity of subystem results in some (minirnal)
difilculty in installation of T/D subsystem.

(c) Degree of modularity of subsysEem results in moderate diffculhy
in installation of T/D subsystem.

b NOTE: Decentralzation of compartments may require additional
hookups and piping runs.

SourcL 0a' D3 a

Attribute Anfil. I.nEll. CoSt
Anl.. Anal.

Effectiveness Attribute Date and sRtit~s for Viable Syst mlVessel Combinations 1
WMS GALJATIN VIGOROUS IFIRE BUSH PAMIJCO WHITE SAGE jPINT HERRON
4 (378') (210') (180') (160') (133') (82')

__ _1 . 1001 a, 0oo b 4o a too Co 100

2 d 00 1 a00 4 100 0. 0 o00 _ N A

3 Q 100 NNA a t00_ O. 00 a 100 N A

4 4 N A a too a 100 a 100 N A

NAN A N A 100 a oo a 100 N A

6 NA NA 4 100 a. 100 a 10. N A

7 b 40 N. a 100 0 a too 100 N A

8 N A N a 1001 t t0 a , N A

9 b 40 a 100 a (00 a (00 ( 100 0o 100

10 6 40 a a0 100 0 00 1OO N A

1 40 NA a 100 a t 00 100 C 0
12 NA N A a 100 a 0 o to N A

13 NA N A a 100 0 100 a , 100 N A

14 .100 100 0 9oo a a 100_ a ,. oo
is 6 40 6 40o a 100 a 100 a o0 N A

16 6 40 b 40 a 100 a 10 a too 0. O

17 NA N A ' too L( 00 ai 100 N A

1N A N A a 10C)_ a 100 ai 1100 N A

Attribute DaL-IJ Rating N/A -- Not a viable rystern/vesz.•i comblhation s 8



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/,UBFACTORS

M/E I - ADAPABTLITY FOR SHIPBOARD INSTALLATION 4

244 Vent requirements for WMS waste Trebatmerit!Disposa! subsystem Installation

Ettec£,veness Rating Function -

: , I. ,11) NOvents aw rr-d"d[• .

(b) Vezo m•, quied.

19... Veal t•dlt &M orly internal to 11t compaarndtIIn which sub:yJster is l,,it•d ame npt considered hem.

.J ________ lb S '.• Wl

1" ,2- . ...

Effectveness Attribute Data and Rbtirngs for--- Sye/VessTel Combinations

WMS GALLATIN I VIGOROUS W.FIREB'H P.MLICO WHITE SAGE IPOINT HERRON

(378') (2101 (180') (160') (133') (82')

a 100o a. 100 Co ,0 00 a
2 6 _ 0N 6 0 . 0 6 0 N

3 N iNA 6 0 NA

4 0 N A 0 0 0 N A

5N A N A b 0 b 0 _ 0 N A

6N A N A 6 0 b 0 b 0 N A

7 6 0 NA 6 0 b 0 b 0 N A

8N A N A 6 0 b 0 b 0 N A

9 6 0 b 0 6 0 b 0 _, 0 6 o
10 0 b 0 0 b o , N A

11 b 0 NA 6 0 6 0 b 0 A o
12 NA NA b 0 b 0 0 o N A

13 N A N A b 0 b 0 0 N A

14 b 0 b 0 a 100 b o 6 o a 10

15 b 0 6 0 _ o 0 0 N A

16 1 , 0 , 0 b o 6 0 h•0--- ,

17 N A NIA 6 b o DI A TL__ A 'IA 6 - t a b o _ _

Attribute D4-- L Ratny N/A - Not a vable ,yctem/veawel cinbiratlon 5 9



EFFECTIVENESS R; TINGS FOR ELEMENTARY FACTORS/SUBrACTORS

1%.I/E- I - ADAPABILITY FOR SHIPBOARD INSTALLATION

25 Ease of tn~talling WMS sdpport equipment

cns:: Rating Function-
Ratng ('•,• (a) No support cqulpn ent required.

(b) Some support equipment required but easy to install

100 (c) Much support equipment required and difficult to install

70 bExampleL
b Firefighting system must be installed with incinerator.

* Bilge alarm required if large tank is installed above bilge.
* Compresor required on vessels that do not already have one.
* Detectors of toxic or noxious gasses should be installed with

any system that, as an Inherent design fenture, uses such
gases In proceuslng wastes.

01 =-=

Effectiveness Attribute Data and Ratings for Viable Systqm-/Vessel Comblnations
WMS GALIATIN I VIGOROUS I FIREBUSH PAMLICO WHITE SAGE POINT HERRON

# (378' (210') (180') (160') (133') (82')

1 b 70 b 70 6 70 6 70 70 / /0
2 6 70 6 70 6 70 b 70 _ 70 N A

3 6 70 N A 6 70 6 70 _ 70 N A

4 6 70 N A 6 70 b 70 _ _ 70 N A

5 N A N A 6 70 6 70 1- 70 N A
6 N A N A b 70 b 70 1" N { A

7 6 70 N A b 70 6 70 b 70 N A

8 N A N A 0 IV 70 _ 70 N A

9 6 jo 6 70 T 6 70 b 70 b 70
10 6 70 6 70 6 •0 b- 70 N A

_ D 70 1-IA I •L -- 70 b 70 b 70

12 N A N A b 70 i, 70 1 70 N A-

13 N A N A b 2 6 70 b_ 70 N A

14 70b 7o b 70 60 6 70 b 70 b 70

is 6 -10 L 7~ 0 70 b 70 b___ 110 N A5 b- - "0 1. 70t b 7r) b 7(0 7 0 N A
176 b 7b. 7() b b 70 N A70-N P,-- o _ 0 _ _ _

A]NeA b 7c N A/

Aturitule Liatla Rotj.% NIA Wut a viable systern/vea,-l conbibnAtloA



EFFECTIVENESS RATINGS FOR ELEME.NTARY FACTORS/SUBFACTORS

M/E -~ I - ADAPABILITy FOR SHIPBOARD INSTALLATION -

245 Exhaust stack requirements for WSI$ waste Treatrment/DisposaI subsystem tnstalatior

Ettectiveness Razing Function
RAW.g(o

1e0 (a) Exhaust not tquirebd.

(b) Exh~lust required. size of stck retatli,,ejy vai and &raak car) be ma
4ia eixsting sahip's stack enc•moure (llwtey).

(c) Exhau•t required, 6ize of staci relativuly )arge r,nd jtack can bo rMn

via exis•tng thip't stack encloruie,

4o b(di) Fxhatust requidred. size of stack relativaly sm~all akv 3rack. cannot be

run via existing shiip's suack aeloirclst.

(e) Exhaust requirte, size of stack relatively 1ai, -, btack canri,: be

20 -tl via wiqsdng s•hp's -uack enclosure.

10 d NOT. E: 1. Flectric i!4netator tequire, s caa (2-) ethatirt.

0 2. Fuei inw-ln ator reqL.res !2%e (I0") exauSt."

-] Aibute A-I,

Effectiveness Attribute Data and Ratings for Vtable -§Yt-, Ve-sselCo-bi'tons
WMSJ GALLATIN VIGOROUS-[ FIREBiUSH PAMLrCO IWHITE SAGE IPOINT HERRON

*~ (371) (210') (180') (160') (133') V()')

2 a &00 aI ct 0 a 0.

100 L 1 N0A a IOO O 0 of N0 A• t
3 e 0 N e 0 c Q0  C 2r N A

4 a t00 N A a 100 a 100 C. V11 A

s N A N A a 100 a a1100 N A

60 a- NAIMc a a 1100 1% A

7 e 0 N e 0 ce 0 _ _N A

3 NA NA e 0 C 20 e 0 N A

9 a 100 a.., 10c a 1o0 a 100

10 e 0 e 0 e 0 C 20 C 20 N A

11 a 100 N a 100 a 100 a. 100 a ,

12 N A N A a Joo a 100 a _o N A

13 N A N A e C e 0 N A

14 100 ct 100 CL 100 a._ 100 a ioý _ a 0

is e-_ 0 le 0 0 C 20o N A-
16 a 10"0 . . 0 a Ck~ 100 00 100

17 N A N A a too J 100 , a 100 N4 A

18 N NA e 0 20 e o14 A

Arributs Data- L+ Rating N/A - Not a viable syteml/vewl combination 60



EFFECTIVENESS PR"TINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M/E._ I - ADAPABILITY FOR SHIPBOARD INSTALLATION

Ease of install:nq WMS support equipment

Ette:'... ness Rating Functio i
Ratng (10, (a) No support equipn ent required. 7f

(b) Some support equipment required but easy to install
100 (C) Much support equipment required and difficult to install

70 b Firefighting system must be installed with incinearator.
Bilge alarm required If large tank is Installed above bilge.

SCompressor required on vessel, that do not already have ,ne.
. Detectors of to•ic or noxious gasses should be installed with

any S-YStEm that, as an inherent design feature, uses such
gases in proce3ting was•s.

Attiburte AOLJ maluj cost
, AluI. Anal,

Effectiveness Attribute Data and Ratings for Viable Systqmr/Vassel Combinations
W MS• GALL ATIN [VI V GOROU S i FIREBU SH= PAM L ICO [W HIT E SAGE PO •I NT W=ERRO N•

# (378') (210')__ (180') (160') (133') (82')

1 b 1701 1, 170 6 70 _, 70 6 70 b 70
2 6 70 6 7c , 70 b 70 b 70 N A

3 b 70 N A k 70 b 70 _ 70 __ A__-

4 70 N A 6 70 6 70 b 70 N A

N NA N A b 70 _ 70 b 70 N A
6 N A N A 6 70 _ 70 6 70 N A
7 6 70 N A 6 70 b 70 b 70 N A
8 N A N A 70 k 70 b. 70 N A

9 6 70 6 70 6 70 b 0 b 70 b 70
10 6 70 6 7 70 0 70 N_ _

1I 6 70 N A b 70 b 70 b 70 1 10

12 N A N A 6 70 b 770 N A

13 N A N A 70 6 170 6 70 N A

14 1 470 - 70 0 70 _ 6 7o b 70 b 70,

15 6 70 6 7,) 1. 70 b 70 b 70 N A
7b 70 6 70 b 7) b 70 6 70 707

H17 N A N] 70 b 70 N A

1 78 1 D -I A • A b 70 7 tJl o,

Artribute Daeal L aring W/A - N,'A a viable, syster/vcsael cornt .naton 6



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

MA I - ADAPTABILITY FOR SHIPBOARD INSTALLATION

26 Ease of compensating for added weignt of WMS

EttectIveness Rating Function
Ratin ('o

(1 ) (a) Mo or minimal compensaclon for added weight required.
100 '

(b) Moderate compensation for added wtight required.

(c) Extensve compemsation for added weight re••ired,

(b,)
60

*.0 Attribute hMSD 1 WW, (MS.

__aIl. A-, I

Effectiveness Attrib ite Data and Ratings for Viable Systq'n/Vessel Combinations
WMS GALIATIN VIGOROUS FIREBUSH PAMLICO IWHITE SAGE IPOINT HERRON

# (378') , (210') (180') (160') (133') ._ (82')

1 _ 60 1 . 100 c 0 C 0 a 1o00 0.10
2 b 60 a 100 6 60 Go 0.. 100 N A

3 b G0 N A 60 b GO a. 100 N A

4 c 0 NA 0 • 60 6 G 60 N A

5 AN 6 GO 6 60 a -. 0r) N A
6 N A N A b 60 6 60 a 100 N A

7 c 0 N A 6 60 6 60 a 100 N A

8 NA N A b 60 6 _ 60 a t00 N A

9 b o a. 100 6 60 6 o a 100 • 60

10 6 Go 6 60, c 0 b _o a 0o0 N A

11 6 60 N A C 0 b 60 a 100 b 60
12 N A N A C 0 b 60 a 100 N A,

13 Il A N A c 0 6 60 a O0o N A

14 6 60 a 100 C 0 _ 60 a I00 a I00

65 6 60 6 60 c 0 6 60 a 00 N A1
16 6 G0 b 60, C 0 6 60 a 100 b 60

17 N A N A b 60 11 60 Q 100 N A
i18 N A N A b 60 6 60 a. 100 N A

Alribute Dat-J . RaUtg N/A - Not a viable system/vessel combinstlon 6 z
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EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFAC'IORS

M/E I - ADAPTABILITY FOR SHIPBOARD INSTALLATION

271jExtent of SH[PALTS (permanent modifications) required for WMS installation *

Ettectivenoss Rating Function

(a) No SHIPAITS required.

!00- (i) Mioxr SHIPALTS required.
o---�b (C) Ex••n of SHIPALTS required Li modeate.

(d) ExtmWuve SHIPALTS required.

50-----*E.g.. foundations. enhlrged doon/hatches. incteased cap.eciy

reuiremonts fo: air compresor.

-o) d
A0Al Uuall. Cog

Anal. Anal.

Effectiveness Attribute Data and Ratings for Viable Systq/mvessel Combinations
GALLATIN VIGOROUS I FIPEBUSH PAMLICO IWHITE SAGE IPOINT HERRON

(3781) (210') (180') (160') I (133') (82')

190 a 100 c 50 A 0 go too0

2 b 30 0 c 50 d 0 C 50 N A
3 6 o0 N A c 50 d 0 c _o0 N A

4 C 50 N A C 50 d 0 c 50 N A

5N A N A c 5o d o 6 90 N A
NA NA C 50 _ 0 6__ 90 N A

7 C s0 N A c 10 a 0 1 6 90 N A

8N A N A c 50 d 0 b 90 N A
9 b 90 b go C 50 C ,50 _b 90 C 50

10 b go d 0 C 501 50 C 50 N A
1. C 50 N A c 50 C 501 C 50 C 50

12 N A N A c 50 c 501 c so N A

13 N A N A c 50 c 50 C 50 N A
14 6 90! b 90 c 50 C 50 1 SO c 50

1 b 6 90 d 0 c 50 C 50 6 90 N A
16 c 50 b 90 c 50 7r 0 6 90 C 50
17 N A N A 50 90 6 90 N A
18 NA NP 50 c 601 c 50 N A

Attribute Dat-T L- RAting N/A - Not a vYiable system/veael combination

3=



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

MA/E I - ADAPABILITY FOR SHIPBOARD INSTALLATION

272 Extent of temporary modificetion* required for WMS installation

Ettectiveness Rating Function
Rating (%)

(a) No temporary modifications required.

0 (b) Temporary modifications required are minot,

(c) Extent of temporary modifications required is moderate.

0 (d) Temporary modifications required are extensive.
60------ C

*E.g., cutti access openings.

0 d -____,______ -- I DI~tMS0 ..... S D whis w-ids
Attribute IAral. .Ijtal. COMI

, Anal. Anal.

"EffecUveness Attribute Data and Ratings for Viable Systqm/Vessel Combinadtons
WMS GALLATIN [ VIGOROUS I FIREBUSH [ PAMLICO WHITE SAGE iPOINT HERRON

" * (378') (210') (180) (160') (133') (82')

1 c 60 c 60 c 60 C 60 b, __ (L 0oo
2 C 60 C 60 C 60 c 60 N A
3 C 60 N A c 60 c 60 c 60 N A

4 A 0 N A c 60 C 60 c 60 N A

5 N A N A c 60 c C 60c N A

6 N A N A *C 60 c 60 c N A

7 d 0 N A c 0 c 60 c N A
8N A NA c 60 c 60- c ý0 N A
9 C 60 c 60 c 60 c 60 6 go b o

10 C 60 C _' c c 60 : b N A

11 c 60 N A C 60 c 60 b 90b 90
12 NA N A C 60 C 60 C 60 N A

13 N A N A C 60 c 60 C 60 N A

14 C 60 c 6o c 60 c 60 6__ 0_b 90
_ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _

is C L0 <- 60 c 60 c 60 N A
16 C 60 c 60 _ c 60 c 60 6 90

17N A N A c 60 c ___ C 66 N A

1 _ - NA c 60 c 60 N A

Aruibutf, Dau-- 4- Rating N/A - N-'r & viable systejr./vegse embination 64
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EFFECTIVENESS RATINGS FOR ELEMENTARY rACTORS/SUBFACTORS

M/E I - ADAPABILITY FOR SHIPBOARD INSTALLATION

31 Effect of WMS on vessel stability

Ettectiveness Rating Function

aa

0b (A) No effect on cdsting stability characteristics of vesel.

(b) Some effect on exisdng stability characterstics of vesel, cuaty
compensated for.

(C) Severe effect on existing stability characterstics of vessel,
compensation requires extensive modifications to vessel (e.g., no
rtnkage In Point Hernon).

c Sowe OfData

Attfibut¢e -Itall .CAI ""1 "'I Ao.&I -

__-_-Effectiveness Attribute Data and Ratings for Viable Systqm/Vessel Combinattons
WMS GALLATIN VIGOROUS FIREBUSH PAMLICO WHITE SAGE IPOINT HERRON

# (378') (210') (180') (160') (133') (82')

1 00 a 100 C t 100 0. 100 a 100 a 100

2 . IO a, 100 Ia 100 a io a 1001 N A

3 . too NAA a 100 a 100 a 100 N A
4 a. 100 N A a DO .a 100 a 100 N A

SN A N A a 100 a 100 a tob N A
6 N A N A a 100 a 100 1 100 N A

7 . 100 N A a 100 a to00 a to N A

8N A N A a 100 a 100 a 100 N A
9 0. 100 a. 100 a 100 a t00 a too C 0

10 a 100 a to0 a 1OO00 aa 100 N A

11 a 0oo N A a 00 0 100 a tOO C, 0
12 N A N A a t00 a 100 a 100 N A

13 NA NA a 100 a 100 a t00 N A

14 a. 100 a 1000 a 100 a 100 a 100 a J0O

I. . 0 a flo a too a 100 a 100N A
116 G. too 1001 4 1001 10 ti0o a0
17 NA NA Q 1oo0 _ loo 4 .0o N A

A 

I

____ ___ 0__ ____oo__I00___0O_ ___________ 0

18 N A NA a 100 t 100 41 100 N A

Attribute Daatin N/A - Not viable system/vessel Noar0binstion o5 j



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M/E I - ADAPABILITY FOR SHIPBOARD INSTALLATION

32 Effect of WMS on vessel trim and list

Ettecti,,eness Rating Function
RAdnS go

a100 | (a) No effect on trim or on iStE.

(b) Some e~uly compensated for effect on trim or Wlit.
'(c) Compematon for effect on trim or list requires extensive

nmodification to ve.sel.

0 _ _ _ _ MSD wMS wits
Aruibue• Anat. Imsaul, Co

Anal. Anal.

"'" Effectiveness Attribute Data and Ratings for Viable Systqm/Vessel Combinations
WMS GAULATIN VIGOROUS FIREBUSH PAMLICO WHITE SAGE POINT HERRON

(378') (210') (180') (160') (133') (82')

1 L 1o0 a lo I q loo 6 70 aL 100 a 0
2 a 100 a too a Lo0 70 a 10 N A

3 a. 1001 NA I a 100 b~ 70 a~ 100 N 1

a 100 N A a ioo b 7 6 0 N 7

N NA N A a 03 b 70 /0 _N A
6N A N A 4 100 6 7 707 N

f A N A a 100 _O0__ _ _ 70 N A
•. •o • ' .. l_ •I 70 N A

8 N A N A " C 70 c 10 14 A

9 too 0 -0 .100 a to. o t, 70 a 1_00_ c

10 a 100 0. 100 4 6100 6__ 7o a J~)N A
11 C_ 1000 N A a 100 6 70 00 0

12 N A N A a 100 6 70 aio N A

13N A N A - 100 1, 70 100 N A

14 a. 100 a- 1Q00 ' 0o 6 70 C _ 0 100 o
50100 0

16 C__ too_ 100 a OI_ _ _ _ 00tO
178 N!AI a701 N A

Attribute Dta- -- Rating N/A - Not s v•ab•e syvein,'veuel ew-biiaton 66



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTOPS/SUBFACTORS

M/E I - ADAPABILITY FOR SHIPBOARD INSTALLATION

33 Effect of WMS on normal range of vessel

Ettectiveness Rating Function R1V •) u 100- IOOL 0L• 1.0

Rating (%) F w
j L L -- +- If ves01l uses Itored watesCF CW

100 w
L =F + 20 If vese can 8 ,•cAte fe.sh water

CFJ

Riv (') - Rating (%) of Idh viable candidate WMS
on veswel v

0 hIisl wisLiILI
10 L 1.0" (ConLinued) AnAr•. IstAl. acf

Anil. An,,.

Effectiveness Attriute Data and Ratings for Viable Syst mVessel Combinations
WMS GALLATIN IVIGOROUS FIREBUSH PAMLICO WHITE SAGE POINTHERRON-

(378') (210') (IR0') (160') (133') (82')

1 0 1o 0,0 100 0,0 100 0, 0 0 0, 0 100 0, 0 100

2 0, 0 100 0, 0 100 0,0 1oo 0, 0 0 0, 0 100 N A

3 .01, 0 100 N A 376,0 97 176,0 . 0 37, 0 100 N A

4 0,0 1001 N A 0,0 100 0,0 0,0 100 N A
_ N A N A 0,o 100 0,0 0 0,0 100 N A

_6 N A N A 0,0 100 0,0 0 0,0 100 N A

7 -537, 0 100 N A 504, o 96 2_6, 0 o , 0 100 N A

8 N A N A 504,0 96 236,0 0 50 0 100 N A

9 0, $81 100 0, 644. 100 0, 910 97 0,3"74. 0 0,79 99 0, 50 93

10 521, 981 100 363, 6014 71 504, 880 93 236,37'-. 0 50, 79 99 N A

_11 0, gel 100 N A 0, 980 97 0,3711. 0 0, 79 99 0, 50 93

12 N A N A 0, 910 97 0, 314 0 0, 79 99 N A

13 N A N A 504, 880 93 236,3"14 0 0, 79 99 N A

14 0, 952 0o0 0, 593 100 0, 799 97 0, 374 0 0, 7? 99 0, 50 93

3 9ý 504,799 93 236, 37 0 50, 79 99 N A

16 0, 852 100 0, 593 100 0, 799 _L 0; 374i 0 0, 79 99 0, SO 93

S 17 N A N A 0f 799 97 0,374 0 0, 79 99 N A

8 N A N A 1504, 799 93 236, 314 0 50, 79 99 N A
h 67

Atruibute Data-# 4 Rating NIA - Not a Mustle syatezni/veuel combination

-,



1- 33

L - Range limit index due to WMS conmumption of fuel and/o fhesh water for I viable candiate
WMS on vewel v.

F - Fuel consumption (gallons) of Itb viable candidate WIS on vessel v duding maximum holding
time period for vestel.

W - Fresh water consumption (gallons) of I h viable candidate WMS on vesl v during maximum
holding time for vewel.

CF - Remaining gallons of fuel after maximum holding time.

CW- Remaining gallons of fhesh water after maximum holding rime

Data given in the form:

F. W
-J.

VESSEL FUEL OIL AND FRESH WATER CAPAC1TIES AND CONSUMPTION RATES

Required rRESH WATER FUEL OIL

Maximum "Remaining ReUatnig

vessel Holding Capacity Usage Generatione Galonr.(7) Capacity t* Galons( 8 )
Tim) (Gl) ( sD)After Max.((Gals/b y) (Gals/Day) Hold. Time ,H

(2)

Gallatin (378') 97.5 17, 794 6,500 7,200 17, 794 215, 500 3.000 203, 370

Vigorous (210') 172 ;0 7,700 2,000 2,500 7.700 42,000 1,800 29,094

Firebush (180') 277.9 52, 993 2,300 0 26. 361 27, 874" 1, 300 12.821

Pamlico (1601) (1) (6)
New Construction 501.0 19,255 600 0 6,730 6.349 500 0

White Sage (133') 65.S 10,066 135 0 9, 697 12, 864 720 10,898

Point Herron (82') 99.0 1.385 150 0 765 2.000 150 1,380

(1) Does Not Include 13, 028 Gals of Cargo Water
(2) After ShipAlt Removal of Flume Tank
(3) Firebush supplies Lighthouses with Fresh Water and Fuel as follows:

(a) Ambrose - Quarterly: 20, 000 gals water, 10. 000 gals fuel oil
(b) Execution Rock - Every 2 months: 1. 500 gals water, no fuel oil
(c) Throggs Neck - Lvery 2 months: 1, 200 gals water. 1, 200 gals fuel oil
These we taken directly from vessels tanks, there are no separate cargo tanks.

(4) This figure includes water used for flushing since Pamlico is currently outfitted with a Colt Industries
Vacuum Collection System . which utilizes a a t sh water flosh.

m(5) This figre was obtain by assuming a typical operational profile of 3 duy. transit out, 3 days on station.
3 days return oransit. Transit fuel oonsumption is assumed to be 600 gallons Per day, and on-station
300 gallon per day.

(6) Pamlico fuel cepacity is insufficient to sustain ship operation for projectod required maximum holding time.

(7) Designated by CW..
(7) Designated by C



EFFECTIVENESS RATINGS FOR ELEMENTARY IACTIRS,'SUSFACTORS

W/E I -ADAPABtEITY FOR SHIPBOARD INSTALLATIONI Degree of space trade-off/reallocation required for IMS installation

EtcieesRating Function7

100
()No space trade-o~ff.reaJlocar~ion required.

s0 - -.------ (b) ?&ninial deg-cc o~f space it-tde-oft/rea11oeat~on required.

(c) h&duate degree of sprce rrade-ofh/revilioation reqnired.

(d) iihdegree of space trade-off/reallocatiou re~quire~d.

C

40

Attribute Amt. Im~all, CC

E :ectiveness Attribute Data and Ratings for Viable /ytmVessel Comiain

WMS CALLUiTIN VIGOROUS FIREBUSH PAMLICO WITSAGE PINT WR
* i378'1___ (210') (180') - (160') (133') E ro (82')

b10jI~ C 100 6 s C too a.s 100 0
L4100 a. 100-. 6 90 a 100 N A

~O N A a. 100 h 2 ~

I41 [N NA L so 6 90 a too N A
NA 1 go 6 _ a 10 __ N A

16. YA A N A b b p a 100 N A
7N A 90g b go a 100 __ N A

N A N A b 0 b_ go a too N A

10 b so a 1001 C 401 6 . aM 100 N A 1
11 g N A C 4o 6 go 0 100 6 50
12 N A 14A C 4 6 10 a 100 N A

13 N A N A C 40o go a 100 N A

14 1' 0 a _ 100 a 100 1,00tO 6 B0
is __ 0 6La 100 80 so INo 0 N A

16 80g a. 100 C 6 0 100 6 90
17 N A N A d 0 go_ a 100, N A

lBN NA I NIA d 1 b o a 10C_ _ A

Ariribute Wta.-4 Rating N/A - Not a viable system/vessel combinoation 6



EFFECTIVtNESS RATINGS FOR ELEMWNTARY FACTORS/SUBFACTORS

I - ADAPABILETY FOR SHIPBOARD INSTALLATION

3S1 Amount of WMS consumption of vessel's electric power (relative)

Ettectiveness Rating Function ~ T)100 - 100-

0Riev) - atnfg Co) of ih viable candidate WofS on vemel v

S100 •EP• "Annu al con sumption of elec tric p o•we c (Kwh/Ye ftr) of ih

'viable candidate WlM'S on vessel v based on projecte4

WI4S utilization

N1V Maximum value of EWi for all viable WMS candidatts
for a given ve¢el v

S* inludei e.netgy for pumping flush medium and L~ooling wattz.

.IM A wl. Ima IS I

100 '0L~ ± Jov

Ef~tivene ss Attribute Dat;i endRatijngs-for Viable Systqrn/Vessel Combinaii'ans
WS GALLA ~ j IOOS IREBUSH4 PF LICO WHIIX SAGE 1POII'T HERPON

(378') (210' (180') (160') (133') (821)

2 19,19 97 488 95 49 403 97 407 .9" N A

3 i4249T 96 'N A 756 97 569 96 489 94 N A

4 1530 •0 N A S250 79 11345 ZS 40$9 4? N A

S N A N A 1C,,.44 59 101. 25 40 6? 49 N A

6 N A 1 A 10,360 59 11329 25 4059 49 N A_
7 18,496 73 N A_ _ 953 62 13195 9 4079 49 N A

NA N A 14,631 41 1 3760 9 J 6 32 N A

9 257565 62 8609 5 7206 71 135? 71 2163 73 5527 41

10 1 279 10 .59 -043) 0 9117 67 1301 75 3579 55 N Aj

11 5,7,9) 0 N A (24,-914. 0 11,515 24 q8(3$ 0 389 0

12 N A N A 11,439 30 12635 16 b19 5 23 N A

13 N A N A 16,5$1 34 150 0 0 7609 5 N A- ~-- -
14 545 99 311 97 290 99 92 99 29S7 63 35 96

1s 3002 96 744 92 1201 95 2540 93 1533 91 N A

i1 42,987 37 ?77 3 18,oSk 28 10, Z48 32 5992 25 403 .55

17 N A N A 10,523 58 11360 25 4149 4S N A

18 N A N A 9665 61 13813 9 5564 31 - N A

Attrbute DataJ L Rain N/A - Not a viable ryttwi/vttW combinaton 70
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EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

MWE I - ADAPABILITY FOR SHIPBOARD INSTALLATION

352 Amount of WMS consumption of veasel's fuel oil (relative)

Ettectiveness Rating Function r0 F

R~aIng~( Ri% 1 00~ - 1001)  1,

L V

.A- RS o•)f 1± viable caudiate on vedl v

FO, AMiUI consumption of fuel oil (Gals/YeJa) of ith vilabl
cd'aid€lci WMS on vessel v based on projected WMS ulrilzA•ion

M MAximum value of FO for all viable WNS candidates for s
givea vessel v

+~~Soc 
O- 413•Ll.*t

0 1 IArJ. L niull. cout
0 100 FOI 100 -- 0- Aa , A

"Effectiveness t n__ __tLngs for Viable Systqm/Ves se1f am-birona -

WMS GALLATIN VIGOROUS IRPE BUSH PAMLICO WHITE SAGE POINT HERRON
* (378') __ j (210') (180') (160') (133') (82')

1 __ i00 0 o 0o 0 o 10 (00 0 i000 0 o 0

2 0 100 Io 0 1 00 . 00 0 Ioo NA

99T 2S N A 1673 25 956 z5 553 25 N A
4.o 00 N A 0 '0 o 0 too 0 100 N A
S'NA N _ 0 ,00 0 100 0 !00 N A

N A NA 0 too 0 0oo 0 0 N A

7__ 3_ __ __ _T_ __ __ ___ __ 2__ 3__ 0_ _________0_N

8 N A N A 2••-9_ 740 0 N A

9 0 100 0 1oo 0 100 0 !00 0 100o0 10
10 5151 3 CIQ 0 _2239 0 IzM 0 740 0 NA

11 0 100 N A 0 100 0 100 0 100 1000
12 N A N A 0 100 0 100 0 100 N A

13N A N A 2239 __i2 0 740 0 N A
14 0 10O 0 100 0 100 0 o00 0 100 0,'-

1s 5151 11035 0 11239 0 120 0 74-0 0 N A2

16 0 100 0 100 0 100 0 100 0 100 010

17 N A N A 0 OO 0- 1oo0 0 1OO N A
1 A J A 0 100 1290 0 740 o0 N A

Attribute Data--# Ratlg N/A - Not a viabl. system/vessl comblnation 71iI



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/S UBFACTORS

M/E I - ADAPABILITY FOR SHIPBOARD INSTALLATION

S 1 Amount of WMS consumption of vessel's potable water (relative)

Ettectiveness Rating Fupction R,16) = 100 - 100 Pwt <I.
R~ating cja Mv MV

lot) R , Rv(%) - Rafng ('%) of Ith viable candidate cc vessel v
PW - Annual comumptlon of potable water (Gab/Yeaz) of i

viable candidate WMS on vessel v based on proJcced

WM5 utlizadow

N i - Maon-um value of PIWj for aU viable WMS candidates
Sv for a given vessel v

tS WD t whi 16%

Afl. Install, CostSAnal. Anal.
0PW 100 oD

Effectiveness Adtribute Data and Ratings Tor Viable Syst4 m/Vessel Combinations
WMS GALLATIN I VIGOROUS FIREBUSH PAMLICO WHITE SAGE IPOINT HERRON

(378') (210') f180') (160') (133') _ (82')

0 100 '0 100 0 100 0 100 0 100 0 i00

2 0 I00 Q IO0  0 ooQ 0 0 1o 0 100 N A

3 0 1Q N A 0 (00 0 100 0 100 N A

4 0 NA 0 0 0 100 0 100 N A

5N A N A 0 100 0 100 0 100 N A

6N A N A 0 100 0 100 0 foo N A

7 0 100 N A 0 J00 0 100 0 100 N A

SN A N A 0 100 0 100 0 100 N A

9 (~f 91-7- 0 (32, 7'7J- 0 £7740) 0 05 (r - 0
79117 0 32,777 0 2ZQ740 0 6549 0 10578 0 N A

11 79117 0 N A 27740 0 6548 0 IOS78 0 2(90 0

12 N A N A 2.7740 0 6548 0 10578 0 N A

13 N A N A 27740 0 654S 0 10578 0 N A

14 76562 3 30ZZz B 25185 -L 6548 0 10578 0 Z(90 0

15 7A562 3 30222 6 25185 9 6548 0 1057. 0 N A

16 76562 3 30222 S 26S195 9 654-8 0 10578 0 2190 0

17 N A N A Z5185 9 6549 0 10578 0 N A
18NA N A 25185 9 6548 0 i051S 0 N A

Attribute Dat,&-+ Radng N/A - Not a viable system/velsel combination 72

S. .. . .. . . . .. .. .. $



TkA [C \[ ~ IADAATIMN' 1 I'011 SI F N IA~Rg COD ~ 1. UAI

.AA 4 Ani'ount 01 WNI cl t'oi~ Ill ~ttoll of von-0' ~o II ' prou no.1 air (ro1 k lvol

I'ltrVL't HaltC~ : I lk)1 1 I'lu1ct10 on '!A ~i~ A

10 A -Amital cosi it61. All (1k:1 M k 101 Aitt Oflit I Viable
%7lwdt.WNIS oll ventil %. tased ,It 11wrt Ivwt Whi kilt utlaation

M,- NlA~ikUIIII valtic ot CA1 Mft All V'Iablc WKIS CatildAINv 1104 A
x~i Venatval v

Nv' OTvnly ~lilt SO lvI usi ,ofis. ~ 211 %lv s ,u ivtiiii 10 C~lliaidrew lher
tit-, purmuirr At dwhic Air is mr-J i. 11tP kPitiidejod.

100 AI.i A,.

WMS ~ 1 jUKLYI IOOS IMAM11 V i1 O WI SAGE POINT 1II:RRON
# ( 01 (.'101) Of(t")33')' (821)

2 132 8.1 0.Z~1 25 1 i 5 9 5 s I O',9 15 .81I~f 'A
30t 100 _ _N A 0 10 0 100 0 100 NiA

4 L) 61 92 N A 0. 9178 93 o 7!,6 4 ýj 0 06 91 N A

5 N A N A -. 92 74 12> 74 0.?09~s N A
6 N A N A 10 91) 0 .. 1I~ 0 0. 61V59)8 0 N A

7 2 54 6 N A 1.07 9o c). 6 13S 95 0. 3ý644 0~___ N A

NANA 101 90 '1.6149 .0) o1 1114 48 ___N A
9 2-N 11 ii .35.10 66 27. 54 If _2. $4 F5 0.190143 7*,? o .0162,~

10 0 61( 91 0.1-21 89 0 29 98 0,6138 95 l.3L5'ý44. 8 N A

11 5 $09 5 ; N A 1 41 86 o .94 63 o. 0,49omb~ zy 0.-03024 19
12 N A __N A ?')4- 71 _ 5_ i . 1j9114i 1?.1 N -A

-- 13 N A N A Ior 90 o.6138 9,,) 0. 3s!~,644 48 N A

J14 2 4 0.8-344 19 2 %T2 74 2.9" 7w ~d0. 5 0~ V0201 44

15 0_4I6 92 o.I'A A 0-.Th944] 98 0,613 911 O35,s644 4i8 N A
I1f 3 54o9 5 0. 70c' 31 1 40 * 0.8463 92, 0.40 29 0. 03024 19
17 N A N A 2. 92 '7 2.92 74 0! .38 11 N A

11N AA N A 1 o7- 1 0 .413 0 03( 4 B N- A

Aiullbule 1"ItA.- - litij N/A Willr a viable symeien/'vOsae voobilublta lm',



EFL'ECTIVIN[ SS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M/E I - ADAPABILITY FOR SHIPBOARD INSTALLATION

35S I Amount of WMS consumption of cooling water (relative)

Ettectivcness Rating CuIction f100 - 100 t0o- S
RatIng ")I

Ri,,C) - RAUngro) of ith viable Ca•ldidatc WhiS on vessel v

i0'O CWl - Annual consumption of cooling water (Gall/Year) of viable
candidato WMS oil veascsl v based on projected WMS utiliadon

hiv - Mailmum 4alue of CW1 for all viable WMS candidates lot a
given ve=sel v

WSD WWMb WMSA n al. 1e ta il l C o st

•0 CwI 100 A,•t A.100 V
vM

Effectiveness Attributo Data and Ratings for Viable Systq m-Aesse Combinations
WMS GALLATIN VIGOROUS FIREBUSH PAMLICO WHITE SAGE jPOINT HERRON

_ (378') (210') (180') (160') (133') " (82')

0 100 0 100 0 100 o 100 0 100 0 100
__N A2 00 0 to o 0 too0 too1 0 0 100 N P. •

30 00 N A 9 70 too 0 100 0 100 N A

73,584 0 N A 92, 637 50 103,700 0 72,927 0 N A3, . N A

6 N _ N A 15,274 0 203,670 0 72,927 0 N1A

1 ~9 010 00 IOI lG101

2N NA N A 185, 274 0 203, 670 0 72927 01 N A

13 N 0 N A 92,637 .0 5 03,670 0 72,927 0 N A
N .A N A 41,-5 ' >. 0_.•6.._0 , 2 • 0 __ N. A_

0 too0 1 0 10 0ioo 0 100,0 o0 0 o 0100
15 0 100 0 100 o 100 0 100 N A

11 0 1 N A 0 100 0 100  0 10 0  0100

12 N A N A .15,274 . 0 2Q03,670 0791927 0 N A

18 N A N A 92,637 50 203,6700 72,92 0 N A

Attiue Daa - RaInNA tavabeste/solcbnton7

74

r 14 0 t 0 oo Ioo 0 I 0 .... I 1 I I ' I



EFFECTIVENESS RATINGS FOR ELEmENTARY FACTORS/SUBFACTORS

M/E II - PERFORMANCE

11 WMS per Capita energy consumption (relative)

Effectiveness Rating Function 0 Riv) 1oo i o<0E, < 1.0

N(- Rarn (-,.) of ich viable El - Annual per capita anerxy conampdaon (Kwh/Yeat) of 1Ih

lot) candidate WNIS (inde- viable candidate WMS on ye-ae v based on projecied
pezdent of vessel) WMS utiUzation

M - Maximum value of El for all viable WMS candidates for
any fegml

NOTE: Includes elettic power; powe for ventilation;
compressed air; pumping flush medium and cooling water;
fuel; fuel for fresh water generated aboard vessel.

M40 hM hd-

0 ArlI. IJmtalI, Co 1
10 El 100 Ai A nal.

-fectivenesa Attribute Da?.a and Ratings for Viable Systqm/essel Combn atons"

WMS GALLATIN IVIGO0ROUS IFIREBUSH PAMLICO -WHITE SAGE IPOINT HERRON(378') (2101) (180') (160') (133') (82')

12 tO 5 100 49 9t 141 9L tO -L& 1 100

2 is 99 9 15 95 ,49 98 25 95 N A

3 365 86 N A 450 $2 1000 60 367 85 N A

4 66 9I N A 107 96 112 65 05 92 N A

SN A N A 117 91 910 64 19'/ 92 N A

6 N A N A 281 99 1015 60 202 92 N A

7 592 76 N A $05 68 2421 4 747 70 N A

8 N A N A 908 64 2415 4 747 10 N A

9 221 91 178 93 156 94- 147 94 103 96 62 98

10 (-6i 73 411 84 752 70 1647 34 656 74 N A

11 520 79 N A 531 79 152 94 406 $4 ,.16.I ?95

12 N A N A 361 86 1014 60 295 89 N A

13 N A N A 9 225 4= 47)4

14 45 98 2799 is 9? 51 98 1 300 4 100

1s 514 90 C5 90 61.3 7-6 1549 38 559. 78 N A

16 "'3'4 94 189 9z, 393 84 859 66 310 18 54 98

17 N A N A 223 91 918 63 2Z5 91 N A
18 N A N A 909 68 2417 4 i14. 70 N A

Atrbute DataJ U.ang NIA - Not a viable ysy.tm/veuel combination 75



EFFECTIVENESS RATINGS FOR ELIMENTARY FACTORS/SUBFACTORS

M/E I - PERFORMANCE

212J WMS per capita wet weight (relative)

Ettectiveness Rating Function 100 -, 1-0w oLi.o

Ra ng t) ) -K

lo•] R-v (%) - paring (,,) of ih viable candidate W MS on vextel v

W1 - Total per capita wet weight (lb.) of t1 l viable candidate

W\MS (including drain piping) on ve-sel v

M - Maximum value of WI for all viable WMS candidates for
any vessel

L Drain piping material Ui assured to be copper-nickel (Cu-Ni).

$,SO Ct of DAIa
W~tD w•,ts wids

0 IAnak. lWnjtall. Cot
W1 100 Anl Anal

100 M

Effectiveness Attribute Data and Ratings for Viable System/VesselCombinations
SGALLATIN VIGOROUS FIREBUSH PAMLICO WHITE SAGE POINT HERRON

(378') (210') (180') (160') (133') (82')1 3
1 [4;9g 57 93 1626 21 (-5's) 0 16R,'I ~ 5 9

2 .j7 92 355 9, 496 94 6356 2.6 1467 83 N A
3 591 93 N A 826 90 6106 29 1493 93 N A

4 634 93 N A 1353 94 6220 28 1574 8Z N A

5 NA N A 996 vs 1909 78 710 92 N A

6 A NA ( , 75 4369 49 1069 H N A

7 662 92 N A 1591 0I 6233 27 1074 87 N A

8 N1 A N A .593 93 1220 86 670 92z N A

9 695 92 47Z 95 1333 9'4 6512 24  1367 134 L3§7-•,_ 9

10 9g2 92 419 95 1l91 7. 5853 3Z 1467 S 3 N A

11 596 93 N A 1873 78 5577 35 11333 84 7S8 91
12 N A N A 1417 83 2539 70 746 91 N A

13 N A N A 703 92 i10 5  97 672 92 N A

14 g5. 90 93 1231 96 6535 24 144Z 93 920 89

15 867 90 440 95 1785 79 5865 32 1462 93 N A

16 558 94 321 96 1751 S0 561? 35 1351 94 763 31

17 N A N A 1152 87 2,55 70 gig 90 N A

18 N A N A 601 93 1109 87 718 92 A JA I



7,i
EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUrFACTORS

E I1 - PERFORMANCE

13 WMS per capita volume (relatlve)

Riv (,) - Rating w) of i•" viable candidatc WMS on vesel v

V - Total per capita volume (f) of -th viable candidate i
WWMS (Including drain piping) on vael v

M - Ma•imum value of V\ for all viable W•MS candidaec-

fog any ve..wl J

0.WMD WIAS wMts

0 F 100 A'. L I. A nal .

Effectiveness Attriute Data and Ratings for Viable SystemA'essel Combinations I

WMS1 GALIATIN 1VIGOROUS FIEUSEI PAMLICO WHITE SAG P IN ERQ
l (378') (210') , (180') (160') (133') (82')

1 2-9.0 ~. 9 3  '35 9 8 2 7 9 6 31 6 ? - 3

2 2989 90 21] 93 30.2 90 2873 I 1007 65 N A
3 0-N A 60 7 79 (789 0 103 9 64 N A

4 29.5 90 N A 62 4 78 29 93 0 1096 6z N A

5 N A N A 64 8 791 1498 42 92 2 98 N A

6 N A N A -_ 4 224.6 11- 1 60 N A

7 27.7 90 N A 553 281 6 3 7.3 53 N A

8 N A N A 40.9 86 73.8 74 89.7 69 N A

9 29.8 92 21.2 93 58.7 so 271.1 ( 103.9 64 89.9 69

10 291 9 0 21.8 92 52.9 12 199.8 31 97.9 66 6 ._, N A

S 29.5 90 N A 55.9 I 197.8 35 91.4 63 95.4 67
12 N A N A 69 193.9 33 )8,9 66 N A

13 N A N A 71.9 75 124.8 57 80.6 72 N A

14 29.3 90 21.4 93 45 A 94 252.5 13 77.7 73 (§6 -4' 67

15 31.1 99 j22.0) 92 606 79 1999 31 86.3 70 N A
16 29.0 90 21.2 9) 60.1 79 167,2 42 7i. 75 $5.4 701

17 N A N A 87.5 70 187.9 35 116.. 61 60  N A

18 N AA 65. 7 118.959 _8.9 69 N A

Arrrlbute Dataj- Lt Radng N/A - Not a viable sytremn/ve.sel combination 77
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EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M/E II - PERFORMANCE

21 A !,,qua-y of WMS black water holding times
1Ute. Ltveness Rating Function I I

Raurig (,j)
RIv r.) - Rating C) of i viable candidate WMS on ve.uel v

HTb - a of required black water holding time met by WMS

Vessel Maximum Holding Time Required (Hours)

GALLATIN 9.s5
VIGOROUS 172. 0
FIREBUSH 271 9

I PAMLICO 501.0
IWHITE SAGE 65.5

POINT HERRON 99.0

* Based on vessel miJssi profiles. A %vMS which employs an incinerator

or evaporator is considered to meet 1007o of the req4i'red holding rime.
The holding time of a WMS which employs a so cco 01. I

_ holding unk (for wastewater or sludge) is GDn w•is 1w•
Hf, eerindAmal. nglmuU Costo00 determined by the rato of available tank AaIL Anal.

capacity to required capacity. y "

Effectiveness Attribute Data and Ratings for Viable System/Vessel Combinations .
WMS GALLATIN I VIGOROUS FIREBUSH PAMLICO WHITE SAGE IPOINT HERRON

(378 ') (2 100') (180') (160') (133') (82')

1 100 100 40 40 100 100 iOO 100 100 100 58 52
2 t0o 100 53 53 1001 00 100100 100 100 N A

3 _( 100 N A 100 (00 100 100 100 100Q N A

4 100 100 N A 100 oo 100 01000100 10o N A
S N A N A (0100 100 100 100 10_ N A

6 N A N A iOo 00 100 100 100 100 N A

7 (00 100 N A 100 100 (00 100 100 100 N A

8 N A N A iO0 100 100 o00 100 100 N A

9 100 100 48 400 100 100 o 00 100 100 100 100
10 0 10i00 too 0 00 1oo o00 100 100 100 too N A

11 100 Loo N A,. 100 10o 10o I00 (0 10Q ) (00 0oo

12 N A N A 100 100 100 , 100 10011_0 N A

13 N A N A (00 100 1001000 boo i10 N A

14 100 o00 0oo (00 (00 100 100 (001 1o0 1o0 o00 _00

15 (00 (0 (00 100 100 100 100 100 100 100 N A

16 100 100 (00 10oo to 100 I( oo too 100 100 Loo 100

17 N A N A o00 100 100 ]0 100 100 N A

18 , N A N A 10000 (o0 t 00 100 1001 N A

Attribute DataJ L-.RatIng N/A - Not a viable system/vessel combination 78



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SU BFACTORS

M/E II - PERFORMANCE

22 Aequcy f WS gry wterholingtimes

Effectiveness Rating Function Rlj , - iHr8 j0rSt.1oo
Rating (Ili)

Il (0) - Rating ro) of I viable candidate WMS on vessel v

- - - - - - - - - - HT 8  of required gray water holding ti rm met by WNIS

SVessel Maximum tolding Time Required (tiours)*

CALLATIN 07.5
VIGOROUS 172._0
FIREBUSH . 277.
PAMLICO 501.0

WHITE SAGE 65.5
II POINT HERRON __ _ 0

*Based on venel mission profiles. A WM iwhich employs an incinerator
or evaporator is considered to meet l00•, of the Teauired holding time.
The holding time of WMS which employs a 1-- -
holding iank (for wastewater or sludge) is N15 w.ts W

0 HTTg 100 determined by the ratio of available tank Aut.
capacity to required capacity.

.... Effectiveness Attribute Data and Ratings for Viable System/Vessel Combinations
WMS GALLATIN 1 VIGOROUS FIREBUSH PAMLiCO WHITE SAGE PIOINT HERRON

* (378') (210') (180') (160') (133') (82-)

1 19 19 1 1 0 0 55 55 100 iO0 0 0

2 is )a I 1 0 0 ý 164 _no I00 N A
3 13 13 N A 12 12 64 64 100 100 N A

4 17 17 N1 A 22 22 64 64 00. 00 N A

5 N A N A 100 100 100 loo] 100 100 N A

6 N A N A 100 100 100 100 100 100 N A
7 17 17 N A 29 Z9 64 64 0oo 100 N A

8 N A N A 100 100 100 10 100 100 N A

9 I 21 1 1 .13 1 43 64 100 100 20 20

_Lo 21 21 1 ! 35 35 64 6 4 1j0Io00 N A

11 17 17 N A 35 35 64 64 aQO 100 20 2012 N A N A I10 100 100 I00 106I100 N A

13 N A N A 100 100 100 100 j 00 N A

14 30 30 1 1 13 13 64 64 100000o 20 20
15 33 33 3 3 35 35 64 64 1 00 100 N A
16 17 17 _ I 35 35 64 104 100 100 2 20
17 N A N A 100 100 100 1o0 100110 N ;
18 N A N A 1 100 100 100 1OO N A

LAri•ur'bute Data 4 tRating N/A - Not a viable system/vessel combination 79



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

MA I - PERi'ORMANCE

311 Effect of Ixpak hydraulic loads*ln black water stream on WMS pertormance

Ettectiveness Rating Function
= GISTb - If the WMS black water subsystem

has a Grumman MSD, or other MSP requiring
an influent surge tank-

Rating based on ZC/,r otherwise
R V(%) - Rating (%) of tth viable candidate WMS on vessel v

* Includes instantaneous, hourly and daily loads.

NOTES: I. A WMS gets the rating that its black water C!T
subsystem would rceive

2. The ability of the Grumman or other MSD requir-
ing an influent surge tank to handle peaks depends
almost entirely on the sizing of its
influent surge tank; optimum
sizing cannot always be provided
on all vessols.

Effectiveness Attribute_ t3 nd Ratins tor Viable Sy-t1m al"- .. n'ns

WMSB GLIATIN 1IOOU FPB2A PAMLICO WVIITE shGI POINT HIERRON
(37B') (2101) (180' _ (160.) (133') (82')

1 a_ _00 Qtoo 101 0 100 a o o
2 0 6 b 90 o0 6 80 NA A

3 o 80 N A 6 6 go 6 N A

4 100 100 N A oo Ioo too 0 oo 0 100 100 N A
5 N A N A 100 100 _00 t00 100 100 N A

6 N A N A __ 0 a too it toO N A

7 100 100 N A 100 too 100 100 100 100 N A

8 N A N A 100 100 100 100 100 100 N A

9o bs 80 6 •0 ___ o_ o _ 80 b $C1
10 ~ 3 so ___ _ __

10 6 So 0 6 g o_ 0 A
11 80~N 6 qo U o
12 N A N A 6 s go 6 0 N A

13 N A N A go 1 0 N A

14 CL 100 ico ga 100 a too a 10000 a 100100

is a 1I00 a too (( 10_ 43 100 . 100 N A

16 O 1001 C, 10 (1 00 1 00 CL o 100

17 N A N A a 100 a 100 d1 100 __ N -A
i 18 N A N A 100 100 i 00 10 _ _ N _.

&ttribute Dt RtnN/A - pot a viale :yurm/vytel combination' 80

ii ....... A-]• .. i lI •l ' Iir ~ .. ~ 'l .... Il' .. ..



IH - 311

GISTb - ' of rraued influent st-rge tsaak capacity for Grumman (ot odic M1SD requiring an Influent

smrge Mak in blaak water stram) pjovtdeJ by installation.

ZCIT - Peak load handUng ability of WMS (black water) C/T subsystem which does not
em-Cy an nfluent sa-ge uuxn

Data gtve In die fauna

GISTrb - if Wh• (black water) C/T msubsytem employs an •nfluent surge tank

C/T - If WKt (black wares) CnT mibmysrm does not employ an influent suge tank

NOTE: Z / is no; vessel dependent

GIST b Is uel dependent

t~efinirlon and Corresponding Ratings far Z t

ýC I

100 (a) No dgmficant effect of blick water poaks ou W 'IS sulaystem

-C.

80 (b) Effect of black water peak is of short duration, with temporary
implications for W INL subi)ssem performance, easy to overcome.

(c) Long-term effect of black wAter peli. difficult to overcorne.
with long-term Implications for W.• subsystem perfi•oincc.

(d) No ability of Wt• subsystem to handle blAck wate" peaks.

10 C- -

a I ibt

Andbut1



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M/E 1I - PERFORMANCE

312 Effect of peak hydraulic loads* in gray water streams on WMS performance.

Ettectiveness Rating Function

R. (X) = GIST - If the WMS gray water subsystem has a Grumman MSD,

or other MSD requiring an influent surge tank
SRating based on ZG otherwise

R iv(%) Rating (%) of ith viable candidate WMS on vessel v

(Continued)
* Includes instantaneous, hourly and daily loads.
NOTES:

1. A WVMS gets the rating that its gray water C/T subsystem
would receive.

2. The ability of the GruriTmar or other MSD requirincg an
influent surge tank to handle peaks depends ea.wst

entirely on the sizing of its influent surge .
optimum sizing cannot always be provided on all NIS[. WIrA iIM-

vessels. Aa. Anal,
(Continued) M 1 -=IL

Effectiveness Attribute Data and Ratings for Viabl; System/Vessel Cembinaticns
WMSff GALLATIN JVIGOROUS I IRE3USH P fA ML IC HIESEPONT H-ERRON

. . (378') (210') (180'1) (160') ( (82')

I a o__0 a 100 a M 100 a (00 a 10C
2 61 I0 a• i100 a 100 ,. (00 a 100 N A

3 a 100 N A Ct (00 0. !00 a1 (00 N A

4 ai 100 N A a (100 . 100. C (00. N A

SNNA IV0 1001 100 100 100 t00 N A
t N A N1A 00 o ,oo (00 (00 100 N A

-7 a__ 100 N A Ct 00 a (00 a. 100 N A

8 N A N A 100 i00 100 100 100 (00 N A

9 a (00 I 100 CL 100 a. (00 a 00 a (00
10 a. 100 a. 100 1i 00 az 100 Gt 1001 N A

11 (. 100 N A a i00 a 100 ai 100 1(00
12 N A N A 100 00 100 100 b00 1000 N A

13 N A NA 100 100 ( 00 001 00 100 N A

14 1 100 q 100 d. (00 a (00 a 00 a (00
"15 a. 100 a 100 CL 100 a oo a 100 N A0

16 N 1 a 100 I ( a 00 CL 100 a0 00 N1

17 N A N A 100 100 (00 100 0 (00 N A

18 N A N A (00 (100 1(00 100 100 100 N A

Atuirbute D&Eau L-Rating N/A - Not a viable Systerl/veSSel combination 82



GIST - % of required influent surge tank capacity for Grumman (or other MSD requiring an influent
- surge tank In gray water stream) provided by Ustr latLn.

Z.G ci- Peak load handlIrn ability of Con-Grumman (It, . t CMI) gray water C/T subsystem.

Data given in the form:

GIST - If W NS (gray water) C/T subsystem employs an Influent surge tank

ZG /T- If WNS (gray water) C/T subsystem does not employ an influent surge tank

NOTE: ZG is not vessel dependent

GISTg is vessel dependent

"gb N
Definition and Correponding Ratings for ZGTD

10 -(a) No dgnLftcan effect of gray water peaks on WMS subsystem
perioinmae.

80 b _ (b) Effect of gray water peaks is of short duration, with temporary
implications for WMS subsysmin performance, easy to overcome.

(c) Long-term effect of gray water peaks, difficult to overcome,

with long-mrn implications for WMS subsystem pefornianoe.

(d) No abl)ty of WMS subtem to handle gray water peaks.

10 -

Ld

10

S8 3 -:_

-- -- }~ . -J



EFFECTIVENESS RATINGS F("R ELEMENTARY FACTORS/SUBFACTORS

M/E II - PERFORMANCE .
321 •Effect of low flow conditions/Long idle times in black water stream

on WMS performance
[Rw ('RC/T" PT/D'I: •

EttectCveness Rating Function T=tT /. -l_•ttR (• WIS - R•ting for WMS
10oL ]RC/T - Rating for (black water) C/T subsystem

100L RBI/TD- Rating for black water TID .slbsystem

EM gien in the form (not vessel depe~ndent):

C/T T/DJ

NOTEt An example of low flow condition Is when 7'%o of the
mew is not on board for a week and usage rate by remaining
2Vo of crew is normal. ource o1 .J, A

C Long idle times are on the order of several weeks of IMSo wMs wMs
A d v"r---d• y no usagc of WMS. Anti, Intall. CoU

Attribute (Continnae4) Anl "

Effectivcncss Attribute Data and Ratings for viable System/Vessel Combinations
WIAS1 GALLATIN I VIGOROUS FIRE BUSHI PAMLICO WHITE SAGE POINT HEIRRONA

(378') (210') (180') (130') (133') (82')

"1 -- a, c• 100 _

2 _b o 6 so N A-

3 N A 6 -U- .N A
4 NIA. 80 b gN A

5 N .. N1 A b,t, - - ... __ _ N A

6 NA N A o, a _100 N A

7 N A b,b 6 g N A

8 NA N A 6 ,0 .. s N A

9 _ _ _ _,, 100
10 10_ N A

11 N_. NA a, a 100 ......

12 N A N A a, 1 100 N A

13 N A N A a,o 100 ... N A

1.4 ____ L~ a 0 __ _____

15 iti 100 o A

1-6 C1, la 1001•-- - - -

-J N A N A 0Ia 100 N A

4btD, N _A _NJ A a . ... N A
-.t~r~bL+te Data 21N/A - kVot a viable syszcm/N asel combInatton 84

S2



1I-321
Definitions of Z and ZB

C /T T/D

A (a) No significaht effect of black water low flow conditions/long idle A
times on WMS subsystem performance.

(b) Effect of black water low flow conditions/long idle times is of
short duration, with temporary implications for WMS subsystem
performanct, easy to overcome.

(c) Long-term effect of black water low flow conditions/long Idle times,
difficult to overcome, with long-term implications for WMS sub-
system performance.

(d) 'No ability of WMS subsystem to handle black water low flow
conditions/long idle times.

A

I ,I
f]

L

If

I - .-'~-------~-- 5



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

11 - PERFORMANCE

322 Effect of low flow conditions /ong idle ttmes in gray water steam on-
WMS performance

Ettectiveness Rating Function

D•.Ain(% (a) No significant effect of gray water low flow conditlonn/long idle
time on WMS subsystem performrance.

a00 tDaa loot vessel (b) CfeL;t of gray wattl low flow co itonu/toug idle times Is of
100 dependent. elon duration, with temporary Implication fat WMS subsystem

p.erfornwitlce, ecssy to overcomne.

b (c) L4ng-twm effect of gSay water low flow condidznit/long idle
tmes, difficult to ov.r•comlc. with long-tetm imnpUcations
for WM% rubsiytem performance.

(d) No Ability of WMS subsystem -to handle gray warer low flow
conditionsflong idle times.

NIOTES: (1) Al e.xample of low flow condition Is when I5M. zf the crew It not on boaud
for a week and usage rare by remlaining 21,•, of crew is normal.

10 - Lon8 Mde times are or, the order of several weeks of | i 2W it
dvirt aU y no Usage of w NI!. 1AI I1, U1. " . ,

.Atilbute C2) WM , rAtir.g is baled on the rating of the $ray water AJ_ .

lItD subsystem, 
I

Effectiveness Attribute Data and Ratings for Viable System/Vessel .-6ibinations
WM$ GALLATIN VIGOROUS ! FIREBUSH PAMLICO WHITE SAGE iPOINT HERRON

# (378') (210') (180') (160') (133') (82')

1 a t0_

2 .. a 00 N A

3 N A O 0 to N A

4 N NA rA 100 N A

5 N A N A b 90 N A

6 N A N A 6 9o N A

N 7A a 100 N A

BN A N A b 6 3 N A

9 _ _ a 100 _ _

10 a 100o ..._N A

11 N A CL 100
12 N A N A b go N A

13 N A N A 6 so N A

14 a_ 00 .....

is I CL 100 N A

16 C, 100
17 N -A N A b 90 N IAI

18 N A N A b O , N A

At Mbute DIJ L Rt NIA - Not a viable &yieLm/vessel combination



EFFECTIVENESS RATINGS FOR ELEMENTARY I'ACTORS/SUBFACTORS

M/E It - PERFORMANCE

SAbility of black water portion of WMS to handle additional personnel
33 ! (on a long-term baaiii)*

Effectiveness Rating Function WWMn(/TmTD)

Ratinr () WIIs Rating f WIMS

! - RatitV fox (black watet C/T obsyntcm

a00 &B T/D- Rating for black wate T/D ubsystem. If this subtystem employs a
holding tank it rwcalvm Its full rating only if 100, of the required tank

capacity Is met by the Installation (I.e.. if IfiTCb 100).
otherwism. its rating is O.

HTCb - % of equiced black water (or sludge) holding tank capacity
provided by installation.

(Continued)
3 - - - -- - Result ing In a long term lncrease In average black water stream

bydratiihc loading. The ability of a WMS which employs A black
water (or sludge- holding tank to handle additional penonnel may

0 C be determined by the sIze o! that tAnk, optimum stiLng cariot U
Attribute -- - always be iltovvded on the vessel. IAmAl.It,,ui.ICoxu

El-ctiveness Attribute Data anl Ratingsfor Viable Systom/Versel Combinations
WMS GALLATIN I VIGOROUS I FIREBU-SH PAMLco iw ESAGE1POIN" IiE-PRON ;

# (378') I (210') (180') (160') j (133')1 (82') _-

1 too / ., 0 a6,0o / ,Ioo / ,too 30l o 0
2 /5L 0 6 tce •oo / 100 30 1 100 30 N A

S30/ 3NA alb 30.o j 3o _/ 3o N A

4 N q ; QQ3 / ý ,03ij230
4 N A030 N A cb 100 30 / ,100 30 /100 30 N A

6 N A N A o6, I00 30 /,00 30 /100 30 N A

7 / 00 N A a/a 100 _ / 1oo / I N A

8 N A N A' a _ JQ0o too -/ o N A

9 il 00o30 /4 10 30 /300 30 /.100 30_ L0 30
10 / !0 Q /a h l o / too t oo N A

11 / 30 _N A 4/6 30 30 - I - 30 30
12 N A N A ai!bi, 100 30 / ,100 30 /,100 3Q N A

13 N A N A a/ a 0oo 100 100 N A
14 L100 _30 30 a/b, I00 30 00 , 30 /-00 30.1 100 to 0

15s I too /__ o al _ Ia 1 / too N A
16 / 303 // 3o[b 30 / 30 / 3) /

17 N A N A c o/ o30 1,00 30 ,100 30 N A
18 N A N A /a 1001 /..oo / 1oo N A

Attribute Date-- 4- RaPIng N/A - Not a viable sysemlvvesslel combination



1I - 331

Data given In tho form:

z /T Z Attributi 1-
If WMS black water T/D subsystem

Rtg does not employ a holding tank.
RC/r T/D Ratingsj

~C/V / ZBT ?TC Attribute1
HT~bJ jIf WMS black water T/D sub-

4 system employs a holding tank.

R.01R , RBT/ Ratings._j
I~t T/DI

NOTE: Z and ZBT/D are not vessel dependent

HTC b is vessel dependent

Definitions and corresponding ratings for Z and ZBT/D (if a holding tank is

not employed or if a holding tank is employed and HTC - 100%)

RattI8(%) (a) WMS black water subsystem will handle
additional personnel with little or no
degradation in performance.

100 - (b) WMS black water subsystem will handle
additional personnel with moderately
degraded, but still barely acceptable,
performance.

(c) WMS black water subsystem will not

handle additional personnel.

30 b

AMlzbute

I
88 'I.



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M/E II - PERFORMANCE

Ability of gray water portion of WMS to handle ddditionaL personnel (on a332 . I
long-term basis)*

Ettectiveness Rating .Function

Data given in die form.
ZG T/D - If WhIS gray wsta T/1) subayxtem does not employ a holding tank
ZG HTC If W;is gray water subsystem employs a holdtingtank -u

H"C t ¶of required gray waou (or sludge) holding tank capacity provided by lrts~adoo,

NOTE: 1 . ZGT/1 i not vesel dependent
T/

2. HTC is vessel dependent (2. HlX~g(Continued) -

SResilting in a long term InncroAe in average black water stream hydraulic
loading. The ability of a WE which employs A gray water (or sludge) holding
tank to handle addItional personnel may be determined by dte size of &at tank-,
opnium stizing cannot always be ptovidod on the ve.wl. JO W14 WM-

"A t=1.1.. Co.

Effectiveness Attribute Data and Ratings for Viable Systq/e.se! Combinatkns

WM GL1TN VGOOU) F! REBUSH PAMLICO WHITE SAGE 1POIN I ERRO0N
# 1 (3782) (2107) (180'1) (160') (133') (82')
1z ,1 o ,j o b, 0 ,•o5•0 J0o .o Io
.92 , 0 1 0 b, 0 0 ,b4 0 100 30. N

S 3 18 0 N 0 b, 02 0 ,64 0 ,100 30N A

__N017 0 N A b, 22 0 ,640 ,100 30 N A

5 N A N A b, 100 30 100 30 100 30 N A
6 __, NA 1,00 30 100 30 ,100 30 N A

7 ,17 0 N A 6, 29 0 ,64 0 ,100 30 N A
8 _ N A N A _ _ 100 t00 _00- .N0.___

9 ,210 .1 0 , 13 0 ,6 0 ,100 30 ,20e

10 ,21 0 ,A o b, 35 0 ,64 0 ,00 30 N A

11 '17 0 N A b, 35 0 .64 0 ,100 30 ,20 0
12 N A N A b, loo 30 100 30 ,100 30 N A

13 N A N A a 100 100 100 N A

40 0 0 t,_ 1 0 ,_64 0 ,100 30 ,20 0

15 ,33 0 ,3 0 b1 35 0 ,64 0 J00 30 N A

16 17 0 ,1 0 1,, 35 0 640 J00 30 ,20 0

17 N A N A 61 100 30 ,100 )100 30 N A

18 N A N A L. IO 100 I, 100 N A

Attrribtie Dar•A - Raring N/A - Not & viable system/vessek combination 119

------------------------------------------------------- ,. ,.~ ..- ~



II - 332

Definition and corresponding ratings for ZG (If a holding tank is not

employed or if a holding tank is employed and HTC M 100%. If a holdingg

tank is employed and HTC is less than 100%, (c) applies).

(a) WMS gray water subsystem will handle
0 additional personnel with little or no

-0o degradation in performance.

(b) WMS gray water subsystem will handle
additional personnel with moderately

degraded, but still barely acceptable,
performance.

(c) WMS gray water subsystem will not handle
30 ....... b additional personnel.

0
At•1buie

901

I'



EFFECTIUVNESS RATINGS FOR CLUMENTARY FACTORS/SUBFACTOQIS

MAE ii - PERFORMANCE

41 Ability oi black water handling portion of WMS to operate for sustained time periods

Ertocti\4--ness Rating Function R " R 'T "

Rws - Rating for WMS Data given in the form (not vaelnd
dependent):

10 RCT - Rating for (black water) C/T ,ubsyierm

RBT/D - Rating for black water T/D subsym
T/D g tn RC/T. RUT/D) Ratings

Definitions of Z(,..an Z
9 T/

(a) WWL black water mbsystem can operate for
an indefinite period of time, if no components fail.

(b) WMS black water subsystem can operate for only a
lrmited period of time, even If no components fail.

E Eb N (a) AppUes to WMS black water T/D IubAystenu IMSD whiL wI
0 with an Incinerator. A" t.AaL I

Atribute (b) Applie WMS black water T/D subsystems Anl And
without an Licinerator.

Effectiveness Attribute Data and Ratings for Viable System/Vessel Combinations
WMS _ ALLATIN I VIGOROUS 1 FIREBUSH PAMLICO WHITE SAGE IPOINTHERRONI

! (378') (210') (180') (160') (33') (82-)

2 a.,b 0 N A

3 N A a, 100 N A

SN A N A a,b 0 NA]

6N A N A 6,L 0 _ _N AI

7 N A o, 100 N A

N A N A too0 ,_,,_0 N A
9 a,b b

10 at a 100 N A
11 _ N A c, b 0
12 N A N A b__0_N A

13 N A N a, a 100 N A

14 a, 6 0
S Sa, a 100 N '16 ..... N A

16 __ ___ __ ___ __ a~b 0 _ _ _

17 N A N A c,b 0o N A
18 N A NA a, i00 CNA

Attlbute Data-+ Rating N/A - Not a viable iystern/vetel combination 91 I



EFr.CTIVENESS IM.TINGS FOR EiEM:NTARY FACTORS/SuaFACcORS

M/r IT - PERFORMANCE

42 Ability of gray water handling portion of WMS to operate for sustained time periods j
Ettectiveness Rating Function

100 ;
(a) WW gray wate. sulxystem can operate for Indetfin

period of time. if nw componenu fall.

(b) WMS gray water subsystem can operate for oniy Urtnted
period of time, even if no components fail.

JtMES: (1)
a. Applie& to WMS gray water T/D subsystenu

with an incinetatoc.
b. Applies to WMS gray water T/D subsystens A

without an ircinerator,

(2) Data not vea.el dependent. ".1- c m _ Pat#

-ov AIl.t .IA al.
Atwbute

Efetiveness Attribute Data and Ratings for Viable System/Vessel Combinations
WMS GALLATIN VIGOROUS FIREBUSH PAMLICO WHITE SAGE IPOINT HERRON

# (378') . (210') (180') (160') (133') I (82')

1 b 0
2 b 0 N A

3 N A b 0 N A

4NA b 0 N A

SN A N A b 0 N A

6 N A N A b 0 N 4,

7 N'A b 0 N A

8 N A N A - i00 N A

9 b 0

10 b 0 N AA

11 NA b 0

12 N A N A b 0 N A

13 N A N A L. 100 N A

14 6 0

15 __0 N A

16 b 0

17 N A N A 6 0 N A
18 N A N A (1 100 N A

Atntibute DataJ L-..Ratig N/A - Not a viable system/ve.•el combination 92



;FFICTIVENESS PATINGS 1'0Fl E LEMENTARY t'ACTO1RS/SUInACTOIIS

N/r II - PERFORMANCE

S1 Ability of WMS to handle ground garbage In black water stream *

Effectivc'- ss R'ating Function

Rating (9
Rating for WMS Is based on rating for bl,, k water T/D subsystems

portion which handles the ground garbage (e.g., incinerator or holding Lank)
100 _3 (a) WMS nubsyem will handle groucd garbage In black water stream on

on a long-term basis.

(b) WMS mbsystem will handle ground garbage in black water stream on
at least at short-term bads.

(c) WMS subsystem will not handle ground garbage In black water stmasn.

Data is not vessel depepAent.

-. - I In some WMS configurations ground garbage bypasses the (sewage) C/T
20 _:__...b subsystem and insit-ad is routed by a separate line directly into

the T/D subsysten; (e.g.. to boldng tank or incinerator). of 0.
[/MSD whd wiS i

C Anal. Install Co. c
"Attlrbute Ani. Anal.

Effectiveness Attribute Data and Ratings for Viable System/Vessel Combinations
WMS fJ GALLATIN VIGOROUS jFIREBUSH PAMLICO WHITE SAGE I POINT HERRON

*(378') (210') (180'1) (160') (133') (82'1)

1 ____a 100 __

2 a 100 N A
3 __ N A a- 100 N A

4 _._ _ N A a 100 N A
5 N A N A C 1001 N A

6 N A N A a 100 N A
7 N A 20 N A

8 N A NA b 2_ N A

9 __ _ _ _ ____a 100_ _ _ _ _

10 6_-_ N A

11 NA b_20
12 N A N A a 100 N A

13 N A N A b 20 N A

14 _ _ _ _aIO 100 _ _

105 N A

16 __ _ _ _ _ _zo _

17 N A N A I a 100 _N A
18 A NJAN

Attribute Dat.a ~ Ra ting N/A - Not a viable system/vessel combination 93
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uFrECTIVENESS RATINGS FOR ELEMENTARY 1'ACTORS/SUBPACTORS

M/E 11 - PERFORMANCE

52 Ability of WMS to handle foreign materials/objects * in black water stream

Ettectiveness Rating Function

Rats3 j 29)RM n(V.R

U - Raig fo WMS

RC/TL-%aR for (black w&M• C/T subt~ysc

RCIT

,B T/D - Rttt%•x black water T/D wbsystcm

(Continued)

txing. na ) objects (pens. pecils. toothpinks. etc.).

Small hamt cfobcts (nut shells; pull tab boxi flp top
"cn. bottle caps. paper clips. coins, nuts/bolts/

2 0 I sc ,.'m .' itils, cuff links. otc,). 3---f--t

LAi•e wht objects (paper towes. newspapCe page. NI, h ,WI

0 stif and shiny mag3tino page. stritgs front a Arl nwlC"

Attibute fl". mop, rag. tjmpons, aW 'nt,,,y napkini. etc.). Amt.- Aal.

Effectiveness Attriute iData and Ratings for Viable System/Vessel Combinations
WMS GALLATIN VIGOROUS [ "IREBUSH PAMLICO WHITE SAGE POINT HERRON

* (Y/8') (21o') [ (180') (160') (133') (82')

1 a, t• 100 I
2 .... , 6 20 N A_]

N A a,b 6 0 _0 N A

4 N A a,0 a _0_ N A-

5 N A N A a,a 100 ___ N A

6 N A N A a,.• 100 N A

7 N A • a 100 N A .- i
8 N A N A a, 100,• '

11 N A b,c

12 N A N A b, a z- N A

13 N A N A N _ NA

14 a,_ _ _ 20 !

is ._b, _ _ - N A

16 __ c 0 -

17 N A N A ý, a .. N A

18 N A N A b, 20 _ _N A

Amribute Dataj 4 Radqs N/A - Not a viable iysten/vyess|a combination 94



II - 52

Data given in the form (not vessel dependent):

fT C/ T/D Attribute

RC/T .... T/D Ratings

Definitions of ZCiT and ZBT!Dct_

(a) WMS subsystem will handle foreign materials/objects in black water
stream on a long-term basis.

(b) WMS subsystem will handle foreign materials/objects in black water
stream on at least a short-term basis.

(c) WMS subsystem will not handle foreign materials/objects in black
water stream.

j 95



1IXTI'C 'iI':NESS I' A'lNCS I'01' E,:MI:N'I'AAHY FACTOI1S/S UBI'AC'fOIZS

M/IA II- PERFORMANCE -

SjAbility of WMS to handle detergents/surfactants in black water streamI S3
l-tcctiveness Rating Function M Cs V MTn ( TD),

Raung (cJ0)

j I - Rating fac W iS Data gives in the form (not vema.j
RWS artgam WI dependent):

100 a RC T - Rating for (black water) CIT retsy, temrn .e-):

CcIT ZB T/D Attrlbute

RB T/V- R foe black watex T/D subsystem I I
RC R$ aig

//T T/t)D e f tnr t i oon o f Z C IT an d Z B T / D =

(a) ý.\ subsystem will handle dectrgenu/surfactants in black

water stream on a long-term basis.

-- - b, (b) v4'MS subsystem will handle ýetetgeus/urfactants in black
water stream on at le•st a short-term basis. 3"- ce D ')

c (C) WMdS substystemn will not handle dcegnssfcar AnaI~l. C~tl
Attribute in bl.,ack water st,•Ca . Anal. l .

Effectiveness Attribute ID.ata and Ratings for Viable System/Vessel Combinations-
\VMSff GALLATIN [VIGOROUS F IREBUSH PAMLICO WHITE SAGE IPOINT IIERRO]# (378') (210') (1801 (160') (133') (32') -_

_____~Q _ _ a 100___

2_C, C 0 _ N A

3 N A CC 0 IN A_ _

NAN A ,a 100 
N A

N_ _ N A aCa 100 N

67 N A a, a foo N

8 N A NA aa. 100 N A

9 a,a 100.=

10 a, a 100 _ N A

11 N A a., 20 _....

N A N A a, a 100 N A

13 N A N A C3, a 00 'N A

14 C_. a 100 ,

15 _ __ 100 N A
16 __ 2Z0
17 N A N _ 100 N A

18 N A N A _,____00 _ N

Aribubte DLt&J RALing N/A - Not a viable system/vessel combinaton 9 C3
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1:IEJc~il~ i:;sRATiNCS FOR "1l.EMU N'lAjiY IATiSSU[A~~~

M/E ~11 -PERFORMANCE ___________________

54 Ability of WIMS to handle toxic materials in black water stream

Ettectiveness RLling Function MS Nl~n "Cli, "TlDEl

RWMIS - Ratiog fix %V.N Data given In die form (not vessel dependent):

a R Rating for (black water) CIt subsystem I BTD trbt
RaigxLCcIaerTDfAtrbt

R RB A
RBT/_ atngfo bak atr /DSusyte C / R TfD)Ratig

tkfinitions ofZ nd ZBct.ra D

(A) WNIS nubaystemn will handle toxic materials in
black water stream on a long-term basis.

(b) WNMS subsystem will handle toxic materials in

20--------- b blAck watr" streamn on at leASt a short-term
basis. wcofVtj

-c (c) WhIS subsystem will riot handle toxic NIS wm 7i

AsIueMaterial in black water streamn.Anl Aa'

Effectiveness Attribute Data and Ratings for Viable System/Vessel Combinations
WMVS1 GALLATIN VIGOROUS I FIREBUSH PAMLICO WHITE SG PON HERROIN

(38' __ (210') j 10)(160') (133') (82')

__2_a,__L 100 N___ A__

4 N A oa (00 __ N A

5 N A N A a, 100 N_ NA

6 N A] N A 0i,C Mo0____ ___ N A~

7 N A cl,0a 1001 N A

8 N A _NA -3ia 100 ____N A

____, a_ _ 100

10 ____ ___ _aa 100 N A

11 N A a, a 00 ____ ____

12 N A N A k, a 100 ___N A

13 N A N A a, a 100____ N1 A

14 a,__ Q__ _ . 100

15 a,___ __ a 100 N A

16 _ _ _ I _ _ _ 1~00_ _

1171 N A N IA a, C 1100 __ _jN A]

Attibute Dataj an NIA - Not a vial~le- syste~m/ve-met combination 97



ErfrCTIVENESS RATINGS FOR ELUM[.i. ,AItY rACTORS/SUBI'ACTOlRS

M/E 11 - PERFORMANCE

61 Ability of WMS secondary emishions to meet applicable standards for the
discharge of air pollutants

E ltective-ioss Rating Function % 'W VT as ,/ I
Rating (10)

FI - Rating for WMS Data given In the form (not vc*W deptudeat):
W Nis

T - Rating fcz (black water) C/T tubaystem c/Fr ' GT/D' GT/ID) Atrbut

R8.r/D - Ratlg for black water TiD subsystem RCT. BT/D. RGT/P) Ratings

RG T/D- Rating for gray water T/D subsystem

' b Definitions of Z C/T .ZBW. ZGT/D

3(0 No pusmtbtlUy of ditmhatge of significant air pollutants from WVS •ubsystem.

(b) WMS subsystem will meet standards under normal opejrating
conditions an is likely to continue to meet them under So m oott

o c unusual operatIng conditions. AISUIL ,,• WC .

.Attibute (c) WMS subsystem will mcet standards under normal operating Anal. I Anal,
conditdons And there is a strong posstbitiy of non-confor- It
mae ,to standard u-m. tiz Sordira.__ _

Effectiveness Attribute Data and Ratings for Viable Systqrm/VesseT CombiatiQns
WMS GALLATIN VI:GOROUS FEREBUSH PAMLICO DINTETAGERRONN

# (378') (210') (180') (160') (133,' ___j (82')

a _, _ ao 100

2 a, a. a 100 N A

3 N A Q, b. a 30 N N A

4 N A Ia, a, a 100 N A

s N A N ,A a. a, a 100 N A

6 N A N A a, a, oL 100 N A

7 N___N A a,a 0 N A
8I N A N A ob,i 6 N A

9 o a ,,a 100
10 a,. a 'b, 30 N A

11 _N A a,1  too 100

12 N A N A a, a. a 100 N A

13 N A N A a,bb 30 N A

14 L____ Od'a 100____

is _____ ___ a,b6, 30 ____ ____N A

16 __ __ _ - Lj , a. ~ 100 _ _ _ _ _ _ _ _ _ _ _

17 N A N A j,'a a 00 I__ ___N A

18 NJ A 11 A a,6 301___ _ _

Attifbute DataJ 441:8 N/A - Not a itable system/venal combination 98



EFFECTIVENESS RATINGS FOR ELEMENTARY I'ACTORS/SUnrACTORS

M/A II - PERFORMANCE

62 WMS potential for producing oil contaminated residues at sea

Etctivness Rating Functi ln (R RB RG

Raring (%)

AMRW - Rating for WMS Data given in the form (not veYmel dependep•.:

Rr - Rati•g for (black water) CIT subsystemr

RD -h~n o black water TIE) subsystem / I, T.b T/EV
T/ -C'T Rating for) ,tl

PGT D " Ratng fog gray Water T/D sul:yteni Rp RT/D TIE) Ratings

Do•fr4ton of Z Z. ZGT
Ca, T, ¢' /D'

(a) WMS subsystem ha no potential for producing oil-
coctAndnated residues at sea.

(b) WMS has a potential for producing oUl-contam-dnated So.rc of

01b tesduca at sea. .10 NaLnu It.IOMAnal wintll. COXI

Attribute Anl. Ara.

Effectiveness Attribute Data and Ratings for Viable Syst m/Vessel CombinatiQns
WMS GALLATIN iVIGOROUS [ FIREBUSH PAMLICO WHITE SAGE PQINT HERRON

(378') (210') (180') (160') (133') I (82')

2 6,b,b 0 _ N A

3 N A b,,,6 0o N A

4 N__ NA 6. 6I 0 _ __N A

N A N A 6,,b 0 _ _N A

6N A NA a,6,b 0 N A

7 N A ,,b 0 N A

8 N A N A a,6,b 0 N A

9 0... ,16, 6 0

10 , ab 0 N A

11 NA a, . 0 ___

12 N A N A a,b,b 0 N A

13N A N A al, 0a N A

14 o,, 0 6

15 a, 0 , 6 N A
16 a, o, 6

17 N A N A 1 0 AN

18 N A NA Aa,• 0 _.

A ribute Data Ra.tin~g 2/A - -Wot a viable systean/vessiel combination 99
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FI:FECTIVI:N.SS IzwrINGS 1'O E1.1I:MNTARY UAC'oIIS/SUIWACII _

l/C I! - PERFORMANCE

71 Performanco risk for black water handling portion of WMS
lllcctivcncsi, RaLing Function D(O) 100-100

100-W(M -3) 3 PR5 48
RlA d ni; r o) ..

PR -CxH
1 2l /,r IlIT/B

100 
t

R i(',) - Rating (%) of I viable candidate WMS (Independent of veuemr

PR - Performance risk factor of 1h viable candidate WMs (Independent
of vexel) due to configuration type and test hlstory

C - WMS configuration index

H - Hiatery index for WMS
/T - Hitoiry index for WMS (black wateao CIT subsystemn

1C/T
i r/D - History Index for WMS black water T/D oubsystem

M - Maximum poulible value of PR• 4(2!4t4) ý 48
N - Minimum value of PR 1(2xl+1) z 3 "J . of VAI"--

0 1 I\ -- 36sol~' .. 14 MSI
A0a I I I"dt'! C,,I

PR M -48 jCoftiflued) a nl

Effectiveness Attribute Data and Ratings for Viable -Syst e/sse CombinatiQns
WMS GALLATIN F VIGOROUS I FIREBUSH PAMLICO WHITE SAGE [POINT HERRON

(378') (210') (180') (160') (133-) (82) __

- - - c a/o 100 __i_
10

2 .. . . ba, o. 93 _ N A
3- N A o. 6 93- N A

4 L N A 16: a, _ so N A

.AN A NA 161a.. 6 0 - N A

6N NA N A a/0. 100 N N-A
7 NA _a/a, 6 93 N A

9 '_ _9_

10 __t/_ ; 93 _ N A

12 N A N A _l_, a 3.N A

13 N A N A c/Qo 6 ... N AS....._ __= _ _

17N A N A 6b/ac 93 NA

18 NJ A NAJ / 4 a, i3_ Q."- N A

Arbibute Daltai -RA tins NIA - Not a viable systen/vesasl combination 1 00
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Definition and values for C

(a) WMS black water handling configuration is not a hybrid (C - 1)

(b) WMS black water handling configuration is a hybrid but no serious

performance or interface problems are anticipated (C - 2)

(c) WMS black water configuration is a hybrid and there are uncertainities

about its performance and/or the success of integrating the hybrid (i.e.,

providing the necessary interfaces between equipments/subsystems of II
different MSDs) (C - 4)

.C Applies to WMS No.

a 1, 3 , 6, 7, 8. 10 , 1b

b 2, 4. 5, 9. 12. 14. 17
c! ii', 13*+, ist+ io8*+

* Ability to handle garbage slurry

uncertain.
* Performance and integration

uncertain.

Definition and values for HC/T and H 1

(a) WMS black water subsystem has a history of fair or better test results

(H or H -1).

(b) WMS black water subsystem has a history of poor test results

(Hc/T or HT/D w 4).

(c) No test results are available for the MSD black water subsystem

(Hc/T or HT/D - 3).

Data given in the form (not vessel dependent):

C/VHCA, 1 T/1

101



1I'FICTIV;Nt'S.S R~ATINGS 1OR LE ME NTAPY P'ACTOIIS/SUnIAC1'O1S

IVIA 1 - PERFORMANCE

72JPerforman~ce risk for gray water handling portion of WMS

Cttcctivonoss Ratitng F'unction Re) 10:0- -(I )1P 1

Rating (0,L)Cx

Rj('Y-) - Rating (1,) of ith viable candidate WMS (hi~dependent of vaese4
100-

PR - Performance risk factor of dit candidate WMS (indepenldent
of ventel due to configuration type and tcax history

C - WNIS configuration type Index

subsystem

M - Maximum possible value of Kl ft 4 (4) 16
N - Nfnlmurnivalue ofPRl '1(1) 1

(Continued) 1qjjjAfl

-Effectiveness Attrilbute Data and Ratings for Viable -Syst4 r/V-essel Cornbi - atiQns
WMSJ GALLATIN VIGOROUS IFIREBUSH PAMLICO WHITE SAGE POINT H-ERRON

# (378-) 1 (210') (180') (160') (133') (82')

3 _ N A a]o _ _ -00 N A

5 N A N A 6I6 53___ N A

6 N A N' bl b 53 ___N *A

7 _____N A dl Ia Q__ 10___ N A

8N A A_ A a/6 so___ N A

9 __ _ __ __ _ /a 100_ _ ___ _ _ _

10 ____ - 100 - -N A

11 NAa] NA 100 ___

12 N A N NA 6/bb___ N A

13 N A N A r-1 6 ___ N A

14 a./ a 100 _ _ _ _ _____ _ _ _

is j -/o a______10 . N A
16 ___ 

__ 'C].LQ 
__001 - _

17 NJ A I N A]6/bE 53 ____N A

18 A 1/ 0 _ _N A

Attrlbute Da&# t Rating N/A - Not a viable system/vwexe combInation 102
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Definition and values for C

(a) WMS gray water handling configuration is not a hybrid (C , 1)

S(b) WMS gray water handling configuration is a hybrid but no serious

performance or interface problems are anticipated (C , 2)

(c) WMS gray water handling configuration is a hybrid and there are

uncertainities about its performance and/or the success of integrating the

hybrid (i.e., providing the necessary interfaces between equipments/

subsystems of different MSDs) (C - 4)

C Applies to WMS No.

a 1, 2, 3p 4p 7, 8, 9,
10, 11. 14, 15. 16

b S. 6. 12, 17

1 13*2 18"

* Black water stream fed to

s ludge incinerator.

Definition and values for H

(a) WMS gray water subsystem has a history of fair or better teat results

(H-i)

(b) WMb gray water subsystem has a history of poor test results (H - 4)

(c) No test results are available for the WMS gray water subsystem (H - 3)

Data given in the torm (not vessel dependent):

C/H

103



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS - t

III - OPERABILITY

11 Degree of automation for WMS operation

RtsEttectivenes s,• Rating Function w (RC!l RTI•TD,

a • a"tig for WM$

R - Rating fcc (black watet) CIT subsystem
C/T

o RBR " Rating for black watet T/D suboystem a

TiDtA
RG Rating for Vay wattr TiD subsystem

-- TID

DatA given in the form (not vessel dependent):

20-------------dC/T*TZ8 G Attributo
f r q . ABT /D ' RGT/D R atin v c o mD

0. ND wG I )

Attrhbute (Continued) Anti. AAA

Effectiveness Attribute Data and Ratings for Viable Syst- m/Vessel Combinations
WMS GALLATIN 1VIGOROUS I FIREBUSH PAMLICO WHITE SAGE POINT HERRON

# (378') (210') (180') (160') (133') (82')

a. 6 .b 6 0__ _

2a,. 50 , c,_ N A

3N o.c.b 0 6 sN A

4 NA a,a,b 00 N A

5 N A N A *,a 100 N A

6 N A N A .ba 90 6.a s N A

7 • N A a,b,6 90 _.N A

8 N A NA a,,,b so0 ....__ N A

9 _ ___ __b,b,b 80_ _ _ __ _ _ _

10 .- -. .0, 6 _S N A

I I N A6. bb,h o o_

12 N A N A ,b,a so N A

13 N A N A b,b.b 0 _S N A

14 a.___ 6A,6 go._ _ _ _ _ _ _

1s ______ so__ _ 0 __ _ _ _ _ _ N A

16 a, b,b qo

17 N A N A a., a so N A

18 N A N a,b, h 801 N A

Arribute DatAJ 4 Rating N/A - Not a viable system/venal combination 104
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III - 1 1 -

Definition of ZC/•q ZBT/, ZGT/-

(a) WMS subsystem is almost fully automatic. I
(b) WMS subsystem is semi-automatic:

requires infrequent operator attention..

(c) WMS subsystem is semi-automatic:
requires moderate degree of operator
attention. I

(d) WMS subsystem is semi-automatic:
requires frequent operator attention.

(e) WMS subsystem is operated manually. -

1:1

il -

I

105
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EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M/E III - OPERABILITY

12 Ease of disposal of WMS "Wsidue sTI*

EffesRating c-tRaing for WWT
RW

10 RCIT -Rating for (black wAtet) CIT s ubsystem

1T/D - Rating for black water T/D mbsytem

.GT/D - Rating for gray water T/D msbsystem

(Continued)

Residue Is any by-product of normal WMS
b operation, dLiposal of which is a regulaz

40 operating tak. Example are ash pro-
duced by an Imncinrator, seal water used
by JERW vacumn pumps, evaporator
residue, sludge or waastewater held in a
tank, emn. suc fW _

0 0 NOTE: Length of time required for disposal is the main factor in ,M WM WMS
Attribut deeernainrLUg the i gatng; oti•er factors are ease of access to area tnrf. co€

of W1S containing the residue, amount of residue to be dis- AMtL An&L

posed of0 and ease of storing residue on boand or taking it off

E fecUveness Attribute Data and Ratings for Viable Systqm/Vessel Combinations
WMS GALLATIN 1 VIGOROUS I FIREBUSH PAMLICO WHITE SAGE jPOINT HERRON

(378_ .. (210,) . (180') ( 160') 833') (82')

___ _a,b,6o 40 _ _

2 ___'___ , 40 N A

3 N A 0,b,6 40 N A

4 N A a,b6, 40 N A

__ N A N A a,6,6 40 N A

, N A N A .,6,6 40 N A

7 1N A L,6,6 40 . _ _ N A

N A N A a,6. 40 N A

9 b,b,6 40 •_-_ _

10_ __ 40 N A

11 N A 6.66 40 , __

12 N A N A b,6,6 40 N A

13 N A N A 6,66, 40 N- A

14 Q,66 40 _

15 ,,___,_C .,6 40 _ __._. _ -_ N A

16 a,6,6 40 _ -

17 N A N A t.,6 40 _ N A

N A N A a,.6 14• 0 N A

Attribute Dam-# ,-Rati:g NI/A - Not a viable systeza/veuml combination 106
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III -12

Data given in the form (not vessel dependent).-

*C BT/ , G Attribute

Rc0 Ar RUT/D RG•Tb Ratings

Definitions of ZC/T, ZBT/D- ZGT/D ]
(a) WMS subsystem has no residues, or disposal of residue is vey A

convenient.

(b) Disposal of residue from WMS subsystem is moderately convenient.

(c) Disposal of residue from WMS subsystem In inconvenient.

107



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS___ V
M/E III - OPERABILITY

13 Ease of WMS mode changeovers* (relative) 3 -

' Rlv(%) -Wi~ng (1,) of ith viable candidate WMS on vessel v

101M 1 - Annual man-hours*for mode changeoven for ith viable
candidate WMS on vessel v based on projected WMAS
uu atiaon G

Mv o Maximum value of MCj for all viable WMS candlate
for a given vessel

* Pimary to ovezboard discharge mode cycle/plemride
to primary mode cycle.

** Based on the number of annual mode chbingeoven

for vessel. Sw we1
0 WMDIW&OI4WMS I

0 MCI 100 A n& I lx1. Cor
100 A,-t. IAa,

EfecVtiveness Attribute Data and Rating-s for Viable -Sy-tqm/Vessel Combinations
WMS GALLATIN VIGOROUS [ FIREBUSH PAMLICO WHITE SAGE jPOINT HERRON

* (37 8') (210') (180') (1601) (133') (82')

13 4 3 B, 62 40 6 1 1 1 59 30 61 23 62

2 27 21 17 I 3 81_ 5 24 11 66 13 N A

3 17 23 N A S7 1s 24 11 66 13 N A J

4 27 23 N A S7 15_ Z4 II 66 13 N A

5 N A N A 87 15 24 11 66 13 N A

6 N A N A .g is 24 _1 66 13 N A

7 27 23 NA 87 i5 24 11 66 13 N A

8 N A N A 87 15 24 1i 66 13 N A

9 25 29 16 24 79 23 11 S9 5 22 23 62

10 25 2916 Z4 79 23 11 19 59 22 N A

11 25 29 N A 79 23 11 59 5? 22 23 62
12 N A N A 79 23 11 59 59 22 N A

13 N A N A 79 23 11 59 59 2Z N A

14_3? 0(i 0 C,02, 0 7.2) 0 (I~ 0 (61) o
15 35 0 21 0 102 0 ,27 0 76 0 N A

16 35 0 .1 0 102 0 27 0 76 0 61 0

17 N A N A 102 0. 27 0 76 0 N A

18N A NIA 1 102 0 Z7 0 A16 0 N A

Audbuts Data- L--..aing NIA - Not a viable systeat/veusl combiLuaion 108



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M/E III - OPERABILITY

SLikelihood of vtolatlng effluent standards because of procedural errors*
14 in WMS operation

Ettectiveness Rating Function J Raw 'M•I.,"" Dl' Dz/V)

Rating ('To) RWS ating for ww~

RC/T - Rating for (black water)

1w C IT sukysterm
RD - Rating for black water

T/D TD subrotem
b0 RGT1- Rating fogray water

T"T/D xubsystem

Data given In the form(not veasel dependent):

ZC/T, ZBT/D ZGT/D )Attrrbule

201- c R E/T/f. I FLG11TID ) Ratings

* By dumping overboard effuent whbinc do•,' mccM [
d stad•ards, iluih oil. evaporator resdue, air polUta•nIs Anl. b'taU-. Ca

Attribute from incinerator, etc. Anal. Ana,.
(Continued) L.__...

Effectiveness Attribute Data and Ratings for Viable Systmr/Vessel Combinations
WMS GALLATIN I VIGOROUS FIREIBUSH PAMLICO WHITE SAGE POINT HERRON

# (378') (210') (180') (160') (133') (82')

1 la,b6 .6''

2 o,c,6 20 N A

3 N A a,cb Z0 N A

4 N A l.cb 20 N A

5 N A N A .,c _ 0 N A

6 "NN A NA c 20 N A

7 N A a,J.I, 0_!_N A

8 N A N A a,dd 0 N A

9 6,b,6 so
10 6 ,h.,b g0 N A

11 N A b,b,b 0 go

12 N A N A 1,b,c z0 N A

13 N A N A ,bd 0N A

14 a___ so8• •,•~__ ,6,6.,...
15 6.6 80 N A

16 a.b,5 SO
17 N A N A a,,c 0 _0 N A

N A N A a,b,d 0 N A

Attribute Data-# --. Rating N/A - Not a viable system/venel combination 109



III - 14

Defirwtions of ZC 4 . ZBT zD ,,.D

(a) There is virtually no chance of violating effluent standards because
of procedural errors.

(b) There to a low likelihood of violating effluent standards because of :

procedural error in W'MS operation. -

(c) There is fair to moderate chance of violating effluent standards because
of procedural error in WMS operation. I

(d) There is a high likelihood of violating standards because of procedural
error in WMS operation.

i

I

1
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EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/S UBFACTbRS

M/E III - OPERABILITY

21 Frequency of WMS operator attention required (relative)*

Ettectiveness Rating Function R v3) 100- 100 - O ;- ,O
Rivrj 10 - 0 9

[ Pexiodlcity (I) --

100-lX 24 (Dail 3 5tA
Aoperator actons fo I viable candidate WMS on

168 (Weekly) 52 vessel A V

'30 (Melo30 (Monthly) 12 R,(a) - Raring of) of Ill viable candidate WMS on vessel v

18. 760 (Annually)_ 177 F Annual number of WMS operator ac'txns

"i - Numbe.of WMS operator actons at jth pehodicity

wj - Penalty of weight for j periodicity of operator actions

hi - Maximum value of Fj for all u•c, of

0 0 given vessel v AnAl. Inut Ca

000 Fj 3.00 Anal. A.-I.

Effectiveness Attribute Data and Ratings for Viable Systqm/Vessel Combinations
WMSI GALLATIN I VIGOROUS FIREBUSH PAMLICO WHITE SAGE [POINT HERRON

# (378') (210') (180') (160') (13.3') _ (82')

! 1460 91 730 91 365 95 730 83 730 20 730 .53

2 29 63 82 IZ31 86 966 87 1Z31 71 1131 67 N A

3 2361 9, N A 942 86 918 7V, 866 77 N A

4 4716 71 N A 235 65 2358 44 Z358 36 N A

S N A N A 3621 46 1993 5"3 1993 46 N A

6 N A N A 3621 4. 1993 53 235S 36 N A

7 4370 "73 N A 2133 6S 2133 50 2133 42 N A

8 N A N A 3536 47 1768 58 1768 52 N A

9 16,177 2 8095 6 4132 38 Z607 38 2659 28 (15 4) 0

10 16, 305 1 (95 7_ 0 3831 42 2422 43 2526 32 N A

11 16 .•) 0 N A 4001 40 2371 44 2411 35 1315 16

13 N A N A 4788 23 3685 13 Qb97 0 N A

14 1460 91 730 91 730 89 73o 83 730 80 730 53

15 1524 91 1159 56 1159 83 505 88 505 86 N A

16 1738 89 773 91 633 90 485 189 481 87 481 69

17 N, A N A 3?86 40 2358 j44 2358 36 N A
18 N A N A 2048 69 1768 58 1 026 72 N A

Attribute DataLJ -- Rating N/A - Not a viable system/vessel combination 131
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rEFFCCT[VrNESS IEATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

SM/Lv III - OPERA BILITY

S 22 Number of man-hours of operator attention for WMS (relative)

Ettoctivonoss Rating function &X•g 100 - too•2.¶_ os 2 S-

100 Rive) - Rating () of 0h4 viable candidate WMS on vessel v

MHi - Annual opexawr man-hours required fo ith viable
candidate WMS on ve.sel v bated on projected
WM5• utilization.

MV - Nxirnum va!ue of M",GI for all viable WMS candtidatch
on a given vcitel v.

SO 0 " I A~t I m ~a . IC mtI
0 Milj 100

-- Ee-iveness Attribute Data and Rating; or Via l ystq /Vessel Comrinations
WMS GALLATIN VIGOROUS FIREBUSH PAMLICO WHITE SAGE POINT HERRON

. (378') (210') (180') . .. (160') (133')

1 40 91 15 9 94 4 0 49 65 4.4 71 24 70

2 237 45 ,5 65 157 37 1Z3 13 129 16 N A

3 A26 47 N A i1s 37 106 j25 134 13 N A

__ N J5 5  
_ 24 7 44N A

5 N A N A 113 5 62 156 79 49 N A

6 N A N A 113 55 62 156 1 7 4,4 N A

7 60 86 NA A 9 57 71 50 23 46 N A

8 N A N A S5 52 63 76 51 N A

9 406 5 Z37 2 31 7 122 14 150 3 B0' 0

10 Al9 zjj O 240 4 lIZ 21 143 7 N A......

11 :128 0 N A- 233 6 _2 '2 143 80 0

12 N A N A (. J249 0- _i__ 0 154' 0 N A

13 N A N A 234 j 113 20 143 7 N A

14 86 20 8s 119 52 65 54 90 4263 21

is_6 Vi 129 49 54.... 6Z 86 d4 N A
_0 155 5 61 6602)

_ . . A N A 137 A.S 4__ 41 97 37 N

-- A. _ I , , 55 61 6, N.

Atti.Le i )&a 4-.,# Rating NIA N.ot a viabl, syste/vl combination

$1 Ii.



EFFECTIVENESS RATI'CS rO' 1 LEMENrARY l"CTOR;/S U ...... S

M/l: III .l OPERABMITY -

23 Skill level requirements for operators of WMS

Ettectcveness Rating t'unctlon ."10o0(1 -si 0 < .0

• iiri8 (C) ,I 2 CI C , + CIG

Lo gm iI**'f I/ T /n

'at....- .... ... .... •) "- ainA ('s.) of ith viable candldate WU.s (inrepdejOrn of vessel)100 Wk -a W14 Hid Rj-) i

111, 4111.1 ?4k c, - Complexity index of hit viable VJMS candidate

t.I fa CI - Comple•ity index of WMS (black warer) Clleoion/

CIT
I --. --- ,- -'cT Transport tbsysvem 1ZIEd on -t comploexlty ranking.

CIBT/D - Complexity index of W) VS black water Treatment/

-3 Dipeul& subsystimi bo~jsvd on a complexity rankirog,
chG "- Complexity index of WMS gray wiater Treatrcrivt

l D ispo'al subsystem based on a complexity raiilrng.

NI - NfAxtmwn value 'of CI tor any W.qS (indepeanvient vessel)

2() # 5 t 65 -20

N -M Wnium value of -1 - 2(I) # 1 4 -
- -r Data given In the form (nhot voesel dependent)? A HI.

N 4 M-YI 20 W

_ . 3078'-) (210'')( (133') ] 01)__

2 -.

3 __ _N A 34,j A
4 _ N A- L A

5 A A NA N A

6 N A 'N A __,N A

- .... - - - - - - - . ... -- -.. ....
7 N A N A A

8 N A N A 5Z.!_-. 5 A

10."l-_j .J .... .. .. N A

11 N A -2,1
1N N A N A Is N A

13 N) A N A q, 5_5 N A

14 A~ __

_ _ ,_ __ N

""-,-, -

N A.

N A N A N A
43N A N A* I_ _ N Aj

Ara!____um-------,-- - 141Afl~- ,- Mat ~ -a. viableA 1rystesa ma/vowla cobiato11



EFFECTIVENESS RATINGS FOR LLEMENTARY FACTORS/S UBFACTORS

WE III - OPERABILIT

Training requirements kor operators of WMS

Ettectiveness Rating Function R 0 1- M 4 _ CI2

j Cl U2 Cl Ur +T/D *CIGT ID

|R ( ri) Rating (0,) of Lc viable candidate WNIS (independent of vesscl)100 1I " - .
l baSE[ ?k ~C - Complexity index of Ith viable W14S candidate

T&I \-" v,• Cl _ - Complexity inde., of 'MS (black water) Collectloov
T- Transport subsystem based on a complexity ranking.

CID T/D - Complexity index of WMS black water Teatrninrt/

Dispotal subsystem based on a complexity ranking.
CIG T/D - Complexmty index of WMS gray water Treaument/

Diiposal subsystem based on a complexity tanking.
M\ - Maximum value of Cl for any Wh.S (Independent vcisel)

2 (,k) + 5 +5 20 DLN N- .nimu. value of C, 1) + I + I"4 D 40-4! - '20 Cl Data given in the form (not vesel dependent): J,'. I u. c.e

CIT T /D' CIGT/D I/ I I

'-tectivoness LAttrute Data and Ratings for Viable Syts m/eassel Combinations
WMS GALLATIN IVIGORU r RE BUSH PAMLICO WHITE SAGE POINT HERRON

(378') (210') (180_ ) (1601 (13_39)_ (829)

2 N_____ A____ _____

3 5___ N AI__N A - j 1 6N

4 N A 2.1. 63 N A

6 N A N A31N A
6 N A N A.1,5 75 N A

7 _ N A 2.. _ _- N A_

N A N A 25 . 7sN A
9 5,1,1 _ so '

10,5.3 38 N A

I IN A 5,Z 1 44]
12N A I N A 15, 1,5 25 N A

13 N A N A 5 55 0 N A0

14 4.1_ 1 63

is 4_3_ 50_ N -A

16 _ 56
617 N A NA Nj N A

Ni_ A N A ,- 455 113 N _ JA_

Attribute D ta-. RistirW N/A - Not a viable system/vessel combintiaon 114



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

WA/E III - OPERABILITY

Effect of WMS operation on vessel work routihe s/schedules

Ettoctiveness Rating Furion•J
Pacing rv)

1 (a) WMS oezailon hau Wninumhl ot no efoecc on work rowlnea/tchedulr 8 .-

(b) •ffect of WMS operation on work rk utinesKhdules is more
than inlnimal (i.e., is monJate o o tcadnsve).

NOTI.' Ply C,.G. dirction, (a) applies to all WMS considered
in this study.

I N A

b ANAL WI. Cox
ANuitc &An I. ARAL

N A Syst m/Vessel Combination.
WMS GALLATIN - VIGOROUS FIRE BUSH PAMLICO WHITE SAGE IPOINT HERRON

# (378' (20) [ (180') __ (16 0') - (133') (82')

1 ________ a ~~100 ____ _ _ _

N A

3 N A N A

4 N A NA N A

6 N A N A N A

6 N N AN A

7 N_ NA _ _N A

8 N A N A N A

-10. _ _ _ _ _ __ _ _ N A

11 N A__ ___

12 N A- N A _ _N A

13 N A- N A ___N A

14 ___

15 __ __ ____I N A

16 _ _ _ _

17 N A N A N A
18 N A N A N A

Atulbuteo L.atJ'# Rating NIA.-, Not a viable yacm/yesel combinatuon ] 1



EF'FECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

W/E III - OPERABILITY '"

26 Additional personnel (billets) requiremenets for WMS operation

Wig li)(a) Noadditional billrsa are!Nuired. 'dM5 operaion requires
les than 8 hours/day of operator attention.

(b) Oriu or mare aditionill billets are requited. WMS operator
10 &requircS 8l hoUrlfday Or snore of operator attention.

0 Annual man-bours *required for operating Ith viable candidate WI.S on veaao! v

If 0 < 1. choose a

C~ ased or. ymruct WMS utilization factor,

IMSD W M5WM

-T Attribute lusA I

EffctiveneiM Pfrri~t n ain--orI65leSsimVe lCmiain
WMSJ GALLATIN VIGOROUS1 FIREBUSH - PAMLICO WHITE SAGE OIT 1-IEBRON

#(378') ' (210')(10) (160.) (133') (82')
1 179 is 100 .49100. 49 100 4jl00 _2 Q

2 3 5 157, -QQ 123 !900 129 100 N A
3 226 10N A Ise 100 106 100j 134 10 N A

4 9J Q N A 113 10 91100 87 00 N A
5 NA N A 202 100 62 100 '19 100 N A

6 N. A N A 210Q 100 62 100 87 1oo 0 N h-

7 S6__ 100 N NA 108 lJ- 71 10 3 !00 N A

8 N A N A *ZOO 5 00 7C 6 !00 N A

9... 41S 1001 .I237..... ja 23 VQ 104 100 ,0 100 80 &-Q
10 432 1001 241] 100 2-.40 100 112 100 143 - 100 N A

11 426~ 100 N A 233 100 92 100 143 100 90 0
12 N A N A 24910 142 100 154 too N A

13N A N A 234j100 113_ .100 143 100 N 14

14 62 100 24 ito 119 100 65 100 9o 100 6 3 -

is 62 100 1j LoQ 129 100 ~j 100 S6 100 N A
16 69 0 .2L 2 2 100 55 i00 86 100 63 I.

17 N-A- N A 137 00 84 100 97 100 N A
18 NJA N A 122 V)0 55 10 S 00 N A

Attibute Dat&Af W-Raing N14 A Not1 viable syttcm/vncl combination



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBrACTORS f
M/E III - OPERABILITY

31 Amount of consuumables/expendables required for WMS operation (relative) -

Ettectiveness Rating Function .v(w 100 100 CON1  CONi ! 1. 0

Rflns(rp) ?A Mf RI•(% - Rting.% of it' viable candidate WMS on v•s•el v

CONri Annual cost ($/Yea* of consumables/expendablen for ith viable

candtidae WMS on vessel v baned on projected WMS Utilizat!on

i;. - 1Madmum value of CON, for all viable candidate WMS on
venel v

ýGD W AS W K.,S

1.- 1. , CO
'0 100 A l I A na. ^A .

- !EffecUveness Attribute Data and Ratings for Viable Bsy-tem--/Vessel Combinations
WMSJ GALLATIN ]VIGOROUS [ FIREBUSH PAMLICO WHITE SAGE IPOINT HERRON

#_ (378') (210') (180') (160') (133') (82-)

I 
00

2 2547 0 849 ( $49 Q 711 0 711 0_ N A

3 2647 0 N A 849 0 711 0 711 0 N A

SNA 11 99 25 97 9 99 N A

5 N A N A 23 97 25 97 9 99 N A

6 N A N A 2.3 97 25 97 9 99 N A

7 N A 99 9 25 97 9 99 N A

8 N A N A 23 97 25 97 9 99 N A

9 0 10 0 t 00 0 (0Q 0 100 0 10Q 0 _00

10 0 100 0 100 0 0 00 0 100 0 100 N A

S 1, 0 t00 N A 0 100 0 100 0 100 0 t00

12 N A N A 23 9T ZS 97 9 99 N A

" "13 N A N A ;j 99 Z5 S7 9 9g N A

14 0 1000 1 00 0 100 0 100 0 1oo 0 100
is 0 A0 0 100o o 00 0 100 0 100 N A

16 0 100 0 too 0 0oo 0 100 0 100 0 100

17 N A N A 23 '97 26 97 9 99 N A
18 NA NJA 5 97 9 99 N A

Anxibue Da-J 4-. Rating N/A - Not a viable ,yter/voael comblnation 117



I -

M/E M - OPEABIlITY

Availability of specialized or unique consumables/expendables required for32 3 WMS operation

Ettecttveness Rating Function JR'w. - ,f ,(Rc," RB/" T•

A •RWMS - Rating for WMS

100 a RC/T - Rating for (black water) C/T subsystem
RBT/A - Rating for black water T/D subsystem
RGT/D - Rating for gray water T/D subsystem

Data given in the form (not vessel dependent):

ZC/T jBT/D 71GT/D) Attribute

RC/T. RBT/D ,RG T/D Ratings
c/Ar T/DwT/D

_____j____ An"L .aftli. COg' r AjuL A~AA
Attribute (Continued)

Effectiveness Attribute Data and Ratings for Viable Syst m /Vesel Combinations
WMS GALLATIN VIGOROUS FIREBUSH PAMLICO WHITE SAGE JPOINT HERRON

. (378') • (210') (180') (160,) (133') (829
1 __ _ _ _ _ _ _o, 0.0 100_ _ _ _ -

2 aA a 0 N A

3 N A a,d.a --0 N A

4 N A a,, 100 N A

5 N A N A a,a,a 10o0 N A

6 N A N A a,.o 100 N A

7 N A cd,a 0 N A

8 N A N A ci,d.d o N A

9 0,a,c0 100

10 ada 0 N A

11 N A Q,C2, 100
12 N A N A a ,a.a 100 N A

13 N A N A aj,d 0 N. A

14 4, c_,_C 100

15 al, _,_ 0 N A

16 1a, a 100
17 N A N A Q,a,a 100 N A

18 N A N.A ,o._ 0 1__ _N A

Attuibute Data.-# L_-tng N/A - Not a viable sytern/venal combination 118

----------- ----------------------------------- * *-



32 -32

Definitions of Z ZB ZG
C/T VD' TY-D

(a) No specialized or unique consumables or expendables required for WMS
subsyitem operation.

(b) Any specialized or unique consumables or expendables required for
WMS subsystem operation are available from ship's inventory.

(c) Any specialized or unique consumables or expendables required for
WMS subsystem operation are available from federal stock system.

(d) Any specialized or unique consumables or expendables required for
-..WMS subsystem operation are available only from commercial source.

1 9 7,_

119T-k - --



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORSI
M/E M - OPEHATIL

33 Operating requirements for special or unique WMS support equipment

Eftectiveness Rating Function Bw~ a "cir- "TX 'TlD

SMS - Rating for WMS(

100 -- RCM/T - Rating for (black water) C/M subsystem

RBCT/D - Rating for black water T/D subsystem
RG - Rating for gray water T/D subsystem

b T/D
70 Data given in the form (not vessel dependent):

a ir m ZBT/D ZGT/D Attribute-jC/T- ZB/ -T

ciT RaT/D' RGT/D) Ratings 0

& Wh, . WMi.
0CAnaL. UgiaU Can

Att1bute AnL AAaL.
(Continued) N,

Effectiveness Attibute Data and Ratings for Viable Syst m/Vessel Combinations
WMS GALLATIN [VIGOROUS FIREBUSH PAMLICO WHITE SAGE IPOIN T HERRON

0 (378') (210'1) (180'1) (160') (133') I . (82'1)

1o,cto 100. __

2 _ __ _ ___ __ ___ _ 701 N__ _ A__ _

3 _ _ -N A a 7 O 701 N A

4 . I A A,b,_ a 701 N A

S N A N A CL,b, 70 N A

6 N A N A a,a,b 70 _ N A

8 NN A NA ,b,b 70 N N iA

9 I a,,a 100 +
10 I- 6 - 70 _,N A

11 N_ A la,0, 100

12 N A N A aab 70 a,_6701N A

13 N A N A al,bab 70 N A

14 1. aa 100 _

- -6. 70,__ __ _ N A

16 100
17 N A NA ,6 '0 N A
1N8 N A IN A a, 6.,b. 70o N A

Aruibuto Da-# R-tinig N/A - Not a viable system/vyeaw combinadon 120



WI____F____ I'_
Definitions of Z0 /T, ZBT/D ZGT/D

$ 1

(a) No special or unique support equipment required by WMS subsystem. I I

(b) Some special or unique support equipment required by WMS subsystem; 31

equipment requires only minimal and infrequent attention* to keep I
operational. (1)

(c) Some special and unique support equipment required by WMS subsystem; I
equipment requires more than infrequent attention to keep operational. (2) 1

NOTES: 1. E.g., firefighting equipment, special transformers, ozone I
detector for Grumman, bilge alarm for tanks.

2. E.g., compressor installed to support.WMS operation. 1

No more frequently than weekly with a duration not greater then 10 minutes;
or no more frequently than semi-annually with a duration of 2 hours.

4

4



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

Mi', E IV - PERSONNEL SAFETY

Hazard of contact with/spillage of toxic/dangerous substances
due to inherent WMS design

Ettectiveness Rating Function (1) - (1 - H1148) 04HI<-48

13 Jng oC I T T/D + ÷%. /D O 48<HIS.192

"HC/T HMT/D, H'T/D - L x S x C

100 1Ri (%) - Raring (%) of ith viable candidate WMS (Indepndeat of vessel)

HI - Hazard index for contact with/spillage of toxic/dangerous substances
due to WMS Inherent design

HIc/T - Hazard index for (black water) CoUection/Tranqport subsyntem
HIEBT/D- Hazard index for black water Treatment/Dipsosal subsystem

HIGT/16 Hazard index for gray water Treatment/Disposal subsystem
L - Likelihood of hazard for C/T and T/D (black or gray) subsystems
S - Severity of hazard for Ctr and T/D (black or gray) subsystems
C - Hazard correction for C/T and T/D (black or gray) subytems
M - Maximum popble value of HIl 6 of 11 -

3 (4 x 4 x 4) =- 190C 1D wM4 wIs -
----A HI IAMa.11haI.ICaIc•z0Aa& l a. can, .

10 M/4 48 M -. 2 * See Examples and Iegened foUowing. Awl. Anal

Effectiveness Attribute Data and Ratings for Viable Syst•m-/Vessel Combinations
WMS GALLATIN jVIGOROUS I IFIRE BUSH PAMLICO WHITE SAGE IPOINT HERRON

# (378') I (210') (180') (160') (133') (82')
/ jo,o,a 96

___ ___ _ _ ___ __ Ioa,d/,a a

2 10.0., 94 N Ab, a, al1 , a,a
/32,0N A 94 N A
a,a,ojb,b,aNi - A a, a, 6 N A -

N O ,O,GJ•b,o 94N5 ~ N A NA •,a,a _ __ _N6 N A N A 94b,aa 9 N A

______ _____ _ Old__ _ 94 N____ A____b, b, a/b,u.a--.
7 N A j/a aa 94 N A

SN A N A N A
10.a, -- , I~9 ta,a/aa,•a 98 N A___
b,4,a41,a0a10 9____ N A

11 N A 9,0 a.a
b,a, *lo,ot._____ ____ _ aa 90

12 N A N A _ a'__ N A

13 1 A NA baa 96 N A
d,a,ctia~a,a n14'a,a a 92-1 '.a,/a,a ,a92

140 1, . N A
16 _ 83

17 N A N A a 90 N A_1Na.a .0 N A

18N A N A _____0_0_44_g N A

Attribute Dau-- Rating N/A - Not a viable system/vessel combination 122



IV - 11

Definition and Values for L

(a) No chance (L -O)
* ~(b) HIilay Unlikely (L a 1)

(C) Fa to even chance (L 2)
(d) IgHylikely (L a 4)

Definition and Values fog 5

(a) No resultant injury (S a 1)
(b) Rewlts n Inaiury- of low to moderale severity (requiring first aid or limited medical ureatment) (S .2)
(c) R l in severe injury oc death (S a 4)

Definriton and Value* for C

(a) Hazurdous sitation can be easily corrected (C m 1)
(b) Hazardous situation Is dLficult to correct (C a 2)
(c) Hazardous t1n, tion cannot be corrected (C - 4)

WMS data (independent of vessel) Is given in the form:

L.S.C/L,S. C L.S. C

.- Gray water Treatment/Disposal subsystem

t" Black water Treatment/Disposal subsystem

(SDck water) Collection/Trtaspert subsystem

SExamples:

. Leakage of fumes from incinerator Into adjacent berthing and working spaces.
* Hydrogen sulfide (a toxicant) may be generated in sewage holding tanks.
. Rteah water connections to MSD subisstems have a potential for contaminatug the vessel's

potable water supply with toxic/dangerous substances.
. Sewage contamination.

.. The following pathogens may be tansmitted through sewage.
- Tetanus (bacteria)
- Typhoid (bacteria)
- Dysentery (bacteria)
- Cholera (bacteria)
- Hepatitis (vius)
- Polio (VAM)

Possible medhods of Infection (a healthy persor msy be a carrier; infection hazard depends on
a purson's resstane).

- Os4a (from hands while smoking or eating) - the most common method of transmitting entr••c
Onteti) dsWAs.

- Through breaks In sidn (cuts. abrasions, sores).
- Eyes and sa (fm hands).

12 3



EFFECTIVENESS RATINGS FOR ELEMIENTARY FACTORS/SUBFACTORS

ME _ _IV - PERSONNEL SAFETY

7 . Hazard of contact with,/'pillaqe of toxic/dangerous substances* due to procedural
errors/equipment failures of WMS

Ettec',veness Fatinf.- Function R,) = 100(1 oH/4/ 0_<HIA_4S
0 484<lIl-192Ctn ) III HI IB/ HIG

CiT T/D V, D
R (e,) - Rarlng ( 1 ) of ith viable candidate WhIS (lndecpndecnt of vesel)

HI - hazaM index of contact with/spillage of toxic/dangseous

subsances due to procedural arrot/eNuipment failures of WMS
itc/T - Hazard index for (black water) Collection,/Transport xubsystern

1 .iD- * Hazard index for black water TiatmeanE/Dlsposal subsystemn,

AIGT.i'6 1axzard index for gray water Tratmqt/Dtipo&al subsystem

L - Likelihood of hazard foa C/T and T/D (black or gray) subsystems
S - Severity of hazard for C/T and T/D (black ot gray) subsystemsC - Hlazard con•rection for CI/T and T/D (black 0, o(DatI,

: of gray) subsystems NSD wh's .-wI
0 M/4 = -8 _ - MaNxium possible value of IllM/,44x44) 4iS -Il AnsS. AnZ.

SSee _ixaniples and Les,emnl follow ng.

Effectiveness Attribute lysta and Ratings for Viable Systqm/Vessel Combinations
WMS GALLATIN VIGOROUS I F5IREBUSH PAMLICO WHITE SAGE POINT HERRON

.# (378.'). (210') (180') (160') (133') (829)
bh,/ jb. 0. 0 q

2C, b, tp C•,bký,2f , 65 C1aN A
3 C, b,b b, b/,•

3_NI A /b,o,a 6_ _ N A
bý4 N A /b 90 N A

5 N A N A /8 N A

- •_ 90 lb- _a - 9 N A
h b, a/c, a,ci7 ______16, boa 0_____ ____ N A

NA Na A N8% N A

_, a/lb,a._
9 _l__ ____94

10 a, a.a 4  _N A

11 ________N A 9Zb.aa _ __

12N A , aljb~a,4 a IN
13 N A N A bd,/,a N A

14 ba,/ ba 9

15 b,o,a/b,c,a 94 N A
16 .,&,c'. 9 Z

ba. ' / (Aa,a
17 N A N A /c.a 92. N A

A b,a, a. 92a

Attribute Data-+ 4 Rating N/A - Not a viable syternivessel combination
124

t•'



IV-12 I.•

Definition and Values for L

(a) No ch ice (L -O)
(b,% y unlkely (L = 1)
(c) to even chance (L 2)
(4) Ak-hiv likely (1, 4)

'Defti ,n and Values for S

(a) No resultant inJWy (S - 1)
(b) Rcualts In Injury of low to moderatr severity (requiring first Aid or limited medical eteamrnent) (S : 2)
(c) Results In severe Injuy or death (S 4)

Definition and Values for C

(a) Hazardous situation can be easily corrected (C - 1)
(b) Hazardous siuation 1s dlfficul, to correct (C = 2)
(c) HAzardous situation cannot be corrected (C - 4)

WMS data (independent of vessel) is giveD in the form:

,sC / t.s. /•. S.C
Gray water Treatment/Disposal subsystem

t Black water Trearment/DJsposal subsystem

wExamples: --"* Leakage of funes from incinerator Into adjacent berth-ng and womitng spaces.

" Hydrogen sulfide (a toxdcant) may be generated In sewage holding ranks. I
" Fresh water connections to MISD subsystems have a potential for contaminadug the vessel's

potable water supply with riodc/dangerous substances.
". Sewage contamination.

The f!llowing pathogen.s may be transmitted dhugh sewage.
- Tetanus (bacteria)
- Typhoid (bacteria)
- Dyse.tery (bacteria) I
- Cholera (bact~eria)

- Hpaitis (-irus)
- Polio (-ris)

Possible methods of Infection (a healthy person may be a carrier; Infection hazard depends on A

a person's resistance).
- Oral (from hands while smoking or eating) - the "most comnMM method of transmimlng enteric

(Intestnal) diseases..
- Through breaks In skin (cuts, abrasions, sores).
- Eyes and nose (from bands).

Ai

125 A
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IV PERSONNIU. SAFITY

Haitz9lr of expiosivo poteni~tal for operator/rn~iantainr due to inherent WMS design

11 - I x11 0 481 < IIII' .... ti

Wo- 7' T '/D) T

Riv('ý) W11 (eU ,01 Of 11l1 VIM010 CAndidazi WNS in 011c VO0V
Ihh IF hlsardNtol f o.t'r1r caplosivco rten~tial. I'm oprxattr/nlabrtainer 4ue

Inhthent: WMS design and instuli~on
I Ins~tallation ItN"m. (for persollnei safety)
III -Hazard 11wdx for tVMs
fit IhAArd Iamnhc4 fill (blackM water) CohlectiodihTanpurt oubsystem

11111 lhatard Index for bh.)m1 wiale Trcatmenm./fllposal subsystenjm

111G, - hIAzard ilidcx for gray Water Tres 111tan/ Oispoul~ suibsystemi
I'l)
L - Likc'hmxltd Ofl I'Azmrt ;(W (7/1. 411L rf (black or jqcay) inilnystutils

- svvrv~iiy ohhazard for c/t and, rut)
(black or gray) suhtysteiti

- hialArsl ,-orrNtwtI1 fkv (VI And TIII I/i Mwm
01.k(tIa )ltd W l nt " 1. k: IMS) t.'

4 Y.1 4) 1. Azzl 'U~
rT~, f 1votoess -nitrtt p~ai and Ratig fo Vi ableoSystim/Vess ol Combinations

IN S GALLATIN I viGOiROUb FIPIBUSII PAMLICO WHITE SAG PNT HERRON
#__ 38) J (1' (180') (1601) (133'.) (82')

IO 10000 100 a!J 100 U/J 100 01 N A

2 I 100 N/ A0 Ia0 10 a 100 a/ 100 N A

a N 0 N NA a ~la 1(0 eI 100 0/ I0 N A

N A N A 01 ' ~qtOý 100 100 a.J 100 N A

7 N A lc , a 9 2  , 92C 67 _ N A
8 NA N A 4b_ 67 1 6 67 C/ 33 N A

di____ S ___ t00 la(.0.0 1 00 a/10( too Wv aoo
10 i 9% 92 ýqQl' ' 96 bI 9G6 /___ 98 N A

96 N A uu0cIIa96 at 96 011 96 S J-96
12 INA N A w"o a] too000 100 N A

13 N A N A /6j, lq * b/ 719 c/ 58 N A

14 01 10 co a 100 100 cv I0Ni~ 10 0

is bf 96 C4 ~ 92 '96aib~ bi 96~ 6/ G IN A

1L,6cI~ 10 cV 100 96a 9 / 3oo N/ A
17 N A N A (A ý: Ll too '. N__ A

___ N7A55S6N/

Attrlbuio flaia.. 4~-- Rstmii N/A - Not A viAblo syh1cm~/vcissl comiibnation,



IV - 21

Definition and Values for I

(a) Likelihood of hazardous situation is not increased due to location
of any portion o! WMS (I = 11

(b) Likelihood of hazardous situation is inctoased due to proximity of
any portion of WMS to working or berthing area (I 2)

- (c) Likelihood of hazardous situation is increased due to proximity of
- any portion of WMS to fuel storage area (I = 4)

Definition and Values for L

(a) No chance (L = 0)

(b) Highly ynlikely (L = 1)

"(c) Fair to even chance (L = 2)

(d) Highly likely (L . 4)

Definition and Values for S

(a) No resultant injury (S = 1)

(b) Results in injury of low to moderate seveity (requiring first aid or
limited medical treatment) (S = 2)

(c) Results in severe injury or death (S = 4)

Definition and Values for C

(a) Hazardous situation can be easily corrected (C 1)

(b) Hazardous situation is difficult to correct (C - 2.

(c) Hazardous situation cannot be corrected (C = 4)

WMS/vessel data is given in the form

AL S. o/t. ýS.

1 _Gray water Treatmenyt/isposal subsystem-s Not/ j Black water Treatment/Disposal subsystem Vessel
L (Black water) Collection/Transport subsystem Dependent

Installation index (vessel dependent)
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7EFFECTIVENESS RA\TINGS FOR ELEMENTARY FACTO RS/S UunrACTO P

141E TV - PERSONNEL SAFETY

221 Hazard of explosive potential for operator/maintainer due to procedural
_ r-ror equipment failures of WMS -

Ettectiveness Rat.n' 0o)cio - 10 (o 1- w/)0li•,
?~.ng~~)HF !x Hl Ell 0 (F.8

ICIT T/0 T /ID
HI I.lW 1HIG -Lx fx C

100- C/T T/D T/!; c~W~ovcl u

toprocedural effors/equipmentfilue fWI n nintulation
I - InstAllation index (for personnel safety)
HI - Hazard index for WMS
HIl - Hazard index ofor (black water) Collection/ Tranzport subsystem

HD /T Hazard index for black water Treatmant/Ditposal subsystem
TIP

HIiGTD Hazard index for gray watre Treauzncat/Diiposal subsystem

1, Likelihood of hazard for C/T and TIP (black or gray) subsystEmis
5 Severity of hazard for GIT andI VD (black

or gray) subsysnemrs so t f v WM I~t

0 ToM 10 HF C - l-az~ard correction for CIT and T/P (black I"l~~M W"',II *,s0M/16 48M 6 or gray) subsystem$ I Anal. Anal.

MA - Maximumi Possble value of HF' -17

Efetveess AitrbttC!Data and Ratig foVale_____ esl o~titi
WMS GALLATIN V1GOROUSI FIREBUSH PAMLICO WHITE SAGE POINT ]HERRON

**f (378') J (210') (180') (160') (13 3') 1 (8 2')

U al 8__~30 3 lb~bo~ __ __3_ a3 F3 83

2 2oj S 8 / 6..b I______8a 88 N A

3 6 5 N A b/b1/~ 16/ 58 ~/79 N A
4 __3 N-q:h __ 3 301 3

al NSA N A jhlib~bso 92__ 3_ _ N A

6 N A N A /o -9 ý9 9Z N A

7 6/__ 0 N A '' 0 b/ oct 0 N A

8 N A N A bb/c, b o' N A
of(a 41, -4] a V - _

9_ 41__ _ al S1_____ b /b Ib 1 81 al 01 ~ gi a/

10 b/ 75 j 50 ~b,75 b/ 7 5 a 8 9 N A

11 ~i __ N A /'bb:b 91o 1 a ~S
12 N A __NA /tb3/b~ 9  a] go a 9 N A

13 N A N A Cb 25W 25 ~40 N A

14 of 33 a: 13a aIc

*15 bI79 Q58 /6b~b~"b 79W 'l79 U/ 79 _ N A

1 ___ aj F__ 3j yUJ a

Axribute'DatfJ+ aaigNAN viablc syitr/,w Ionlkto 2
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Definition and Values for I

(a) Likelihood of hazardous situation is not incr-pasod due to location
of any portion of WMS (I 11

(b) Likelihood of hazardous situation is increased due to proximity of
any portion of WMS to working or berthing area (I = 21

(c) Likelihood of hazardous situation is increased due to proximity of

-any portion of WMS to fuel storage area ( 1 4)

Definition and Values for L

(a) No chance (L = 0)

(b) Highly ynlikely (L 1)

Jc) Fair to even chance (L - 2)

(d) Highly likely (L = 4)

Definition and Values for S

(a) No resultant injury (S - 1)

(b) Results in injury of low to moderate severity (requiring first aid or
limited medical treatment) (S = 2)

(c) Results in severe injury or death (S = 4)

Definition and Values for C

(a) Hazardous situation can be easily corrected (C = 1)

(b) Hazardous situation is difficult to correct (C - 2)

(c) Hazardous situation cannot be corrected (C = 4.

WMS/vessel data is given in the form

A/, s. C S.a

t-Gray water Trea,.nent/Disposalsubsystem Not
Black water Troatment/Disposal subsystem Vessel

L (Black water) Collecton/Trransport subsystem .Dependent

Installation index (vessel dependent)

129

I.



EFFECTIVENESS RATINGS FOR ELEMENTARY PACTORS/SUJBFACTORS

TI IV - PERSONNEL SAFETYi

Eltoctiveness Ratinig Function st va100 HF/uI OSLHF5148
HO -IxHI. 48<HFe&7688

"' C/T *HT/D *"T/D
flC/T .HDT/D. I T/D Lx6xC

Ri1 irl.) - Rating (16) of ith viable candidate WMS on vessel v
HF -Hazard factor for fire ignition potential due to WMS lnhatent

de~sign and Installation
I - lnncallation index (for personnel ssfety)
H-1 - Hazard index for WMS
"HIC - Hazard index for (black water) Collection/Transport subsystem

HIR - Hazard index for black water TreatmtnrlDisposal subsystem
TID

1110 -/ Hazard index for gray water Trearment/Disposal subsystem

L -Likelihood of hazard toi C/T and T/D (black or gray) subsystenn
S -Severity of hazard for CIT and TID (black oc gray) subsystert
C -Hazard correction for C/T and T/) (black Suc fDtN ~~~~or gray) subsystarrisMWaW M
Mvju4 - M~aximumn possible value of H* I Aak1. I CiM=768 M ~~4 (3) (4 x 4 x 4) u768 A~.AA

(Continued) ____

Effectiveness Attri ute Data and Ratings for Viable Syst m/Vessel Cornbinations-
WMS GALAI 1 VIGOROU 1 IRBUSH IPAMvLICO WHITE SAGE POINT HERRON

# 38' (210) (80') (16 0') (133') (82')
__0 _______dx ______ 10 4 Tw 100

-00 - - 1 1,1.0. 100 0_ 100__ at 00 _C11

2 al 75 a) 7 5. 0a',akb 75 al I5a 75 N A
3 61 __ 67 N A /0~,01 7bi j 67 C493 N A

4 al 100 N A 10_01_0 _ 100 01 too a/ 100. N A
___ __ __ ___ __ _ __ ia.a d, ap, I__ _ _ _

S N A N NA loan 100 . 100 01 100 N A

6 N A N A laa 100 al 00 01 100 N A

7. %3____ N A a 93 61 b 3 C1 67 N A

8N A N A 61 b 1i67__ 1 _._NA

1004 a/ 1 00 a._aa 100 100 N A0

11_ __ N A 4i 4.. a8 948 4L 921
N_ A- N A 10 Qio* o0fa]10 N A

13 N A N A /,b@ f 79 ~t79 C1 59 N A

14 / 00 al 10C 11 IUO al 10 J10000

15 bi 9G I ?2. bjo~a4a 69 6 / ___. N A
16~~I 9- 9- 9- -l 9 i-1 a

17 N A 11 A 110 a _100 al 10 N AA
G1X0, a] 79 79 ___5_1NJ IN A9____1

N A ~ __ __

Arcriuute Data- Rating N/'A - Not is vjab,)! systte/vessel combination 33
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Definition and Values for I

(a) Likelihood of hazardous situation is not increased due to location
of any portion of WMS (I = 11

(b) Likelihood of hazardous situation is increased due to proximity of
any portion of WMS to working or berthing area (I 2- 2)

•J

(c) Likelihood of hazardous situation is increased due to proximity of
any portion of WMS to fuel storage area (I - 4)

Definition and Values for L

(a) No chance (L- 0)

(b) Highly ynlikely (L = 1)

"(c) !air to even chance (L -2)

* Md) Highly likely (L = 4)

Definition and Values for S

(a) No resultant injury (S - 1)

(b) Results in injury of low to moderate severity (requiring first aid or
limited medical treatment) (S -, 21_

(c) Results in sevare injury or death (S -4)

Definition and Values for C

(a) Hazardous situation can be easily corrected (C - 1)

(b) Hazardous situation is difficult to correct (C - 21

(c) Hazardous situation cannot be corrected (C - 4)

WMS/vessei data is given in the form

* I/LSs~C #So

L Gray water Treatment/bisposal subsystem
Not"( Black water Treatment/Disposal subsy3te m Vessel

(Black water) CollectionA. rans port subsystem lependent
L Installation index(vessel dependent)

oil used for flushing (in Chrysler) is not flammable under ordinary

conditions, However, at high temperatures, e.g., in the presence
of a fire, it will support combustion.
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LIPECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SU13FACTORS

M/E IV - PERSONNEL SAFETY-

Srd 
of fire ignition potential due to procedural errors/equipm ent failure of W M S

Fittctiverncss Rating Function R()101-H/)'HF.8
IiP,6)H 010 IHF48) 'HFS.681tA HIHI f-i g *aHIG -SO

SC/T T/D + T/D

o /TCI HT/D, ""'T/D L x S x C
K1,4.) - Rating %) of ith viable candidate WMS on vCMI4 v

HF - Hazard factor for fire ignition potential due to procedural errrs/
equipment failures of WMS

I - Installation index (for pesornel safety)
HI - Hazard index for WMS
HIC/T - Hazard index for (black watet) Collection/Transport subsystem

HINT/D - Hazard index for black water Treatment/Disposal subsystem

HIG - Hazard index for ray wate; Treatment/Disposal subiystem
TIP

L - Ukelhood of hazard for C/T god T/D (black cc gray) subsyserns
S - Severity of hazard for C/T and T/D (black

or gray) subgystemsa So tJof Dat
0 C - Hazard correction for CIT and TIP M M I WMD

0 MuI -48 M 1?t38 (black or raysubs, men• s [a". * ".1 C I

M - Maximum pordble value of HF I Au. I Anal
_K_ 4) -7jl -

Effectlveness Attribute Data and Ratings for Viable Syst rn/Vessel Combinations
WMS GALIATIN VIGOROUS j FIREBUSH PAMLICO WHITE SAGE fPOINT HERRON

(378') (210') (180') (160') (133') J (82')

1IN A 1- ) _____ tN
83 63 bjb.3 b 83 0j1 a/ _ _3 a_ %3

2 al ) ac bb/c __

58 a_ I___ ___ ' 580 58 p] 59 N A

3 17 N A I t6 b17 W 17 01 N Aa 9 II N A /b.b'b % N A

A/ 11b b" b/ , Oc BE agol al 88• N

5 N A NA /•a•? g .o 8 1 go 8 1 80 NA

6 N A N A b 9ol 900 61 0 N A
0 .b/0, bc, c.8 N A N A L/cc,b 0b7 0c7 a N A AI

__3__ 830'*adj~ 83 cq 83a/ 93'

10 bi 6 7 q 114 33ý,mj 67 ill 67/ __ N A

11 t 90 N A 90 Kr/ go b 190 a/ 9o I ab 90
12 1' A N A 90 j go so30 N A

13NA N A /cc~b 17 bi 17 C1 0 N A
14 a/ 93 Id/ I __ 83, 01a 83 CI 93 at 83
is 61 67 C1 _ 33 b~g lbb67 b' _ 67 bI 67 N A

16 ai/ 90 C1) g0 9.a../ 0 90 a/ 90of 90
17 N A N A go, 0a 90 c/ 50 N A

tNA N A _1_17bA, j ___ 0 1 N JA

Attribute DAta-# 4.-. Rating N/A - Not a viable system/vensal combination D 3



IV- 32 -3

Definition and Values for I

(a) Likelihood of hazardous situation is not increased due to location
of any portion of WMS (I = 1) -

(b) Likelihood of hazardous situation is increased due to proximity of
any portion of WMS to working or berthing area (I = 2)

(c) Likelihood of hazardous situation is increased due to proximity of

any portion of WMS to fuel storage area (I = 4)

Definition and Values for L

(a) No chance ML 0)

(b) Highly ynlikely (L - 1)

1c) Fair to even chance (L = 2)

(d) Highly likely (L 4)

Definition and Values for S

(a) No resultant injury (S 1)

(b) Results in injury of low to moderate severity (requiring first aid or
limited medical treatment) (S - 2)

S(c) Results in severe Injury or death (S = 4)

Definition and Values for C

(a) Hazardous situation can be easily corrected (C - 1)

(b) Hazardous situation is difficult to correct (C = 2)

(c) Hazardous situation cannot be corrected (C 4)

WMS/vessel data is given in the form

1 _Gray water Treatment/tisposal subsystem
... ! NotBlack water Treatment/Disposal subsystem Vessel

L (Black water) Collection/Transport subsystem JDependent

Installation index (vessel dependent)

* Oil used for flushing (in Chrysler) is not flammable under ordinary
conditions. However, at high temperatures, e.g., in the presence
of a fire, it will support combustion.- --- 3
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EFFECTIVENESS RATINGS FOR ELEMENTARY FACTCRS/SUBFACTORS

M/E TV - PERSONNEL SAFETY

Hazard of electric shock potential for operator/maintainer of WMS

EZtectiveness Rating Function Ri(w) - 100 (1 -HI1/ HIS 48

Ra X. n• 2 M); HI C/T + HIPT/D + "'T/D 1 O0

HIC/TI HIBT/DT HIGT]D - L x S x C

100- Ri(') - Rating C9;) of ith viable candidate WMS (indepandent of vessel)

HI HI - Hazard Index fog elc,,c shock potential for operator/maintainer
of WMS

HIc/T - Hazard index for (black water) CollectionlTransport subsystem

HIsT/D - Hazard index for baick water Treatment/Disposal subsystern

HIG - Hazard index for gray water Treatment/Disposal P.bsystem
TID

L - Ukelhood of hazard for C/T &ad T/D (black or gray) subsymsm
S - Sevexty of hazard for C/T and T/D (black or Sray) subsysterm
C - Hazard correction for C/T and T/D (black

or gray) subsystems
M - Maximum possible value of H-l '

- HI 3(4x4x4) =192 E.iiAU. COWt0 W/448 M = 192--" -L" -(Continued) CZ I1. ^i.7

Effectiveness Attribute Data anrd Ratings for Viable Systqm/Vessel Combinations
WS GALLATIN [VIGOROUS FIREBUSH PAMLICO WHITE SAGE JPOINT H-ERRON
S (378') j (210') (180') (160') (133') (82')

-- ial,/b~b,Q 9 __1 b,b_._
d.,Oa/bba2 _ ,_,,_ 92 1 N A

____ N A I92 N A
bN A b, 88_b,a _ N A

I ~b.bo
5 N A N A /b,a 88 N A

6 N A NA k , a 92 N A
ik It. a/ b b,. a

7 N A _bb,a 8 . N A

N A N A _,__ 88 N A
9 9b,0 0

10 k *1b.aQ/.,a PA

,'Nbo A 2&!i
12 N A N IA /'~ýb- ,a N A1- b, o~ab,.a•

135NIA N 90 N A

16 .,. 90 3 N A16 .•=b,c,a-8 _____ ____

17 N A N N A

8 NaA N 6A ;. 3Ol_ __ N A

Attribute Data -•# Rating I/A - Not a viable systerm/veml combination 1 34
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Definition and Values for L

(a) No chance (L - 0)

(b) Highly unlikely (L = 1)

(c) Fair to even chance (L = 2)

(d) Higly likely (L - 41

Definition and Values for S

(a) No resultant injury (S -

(b) Results in injury of low to moderate severity (requiring first aid

or limited medical treatment) (S = 2)

(c) Results in severe injury or death (S - 4)

Definition and Values for Q

(a) 'Hazardous situation can be easily corrected (C - 1)

(b) Hazardous situation is difficult to correct (C - 2)

(c) Hazardous situation cannot be corrected (C - 4)

WMS data (independent of vessel) is given in the form

L Gray water Treatment/Disposal subsystem

L Black water Treatment/Disposal subsystem

(Black water) Collection/Transport subsystem

* Electric shock may result in severe burns and/or death; in addition,

reaction to electric shock may cause affected individual to be thrown

aside, possibly subjecting him to severe impact injuries and/or

contact with sharp edges/hot surfaces.
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EFFECTIVENESS RATINGS FOP, ELEMENTARY rACTORS/SUBFACTORS

hl/c IV -PERSONNEL SAFETY

Siý Physical hazards associated with WMS due to sharp edges*

Erlectiveness Rating Function P 100 (1 - HI41 0S1HISL8

Ra ne (ro) uO ý48(iI9jl
li CIT +HT/D + 'T/ D

100-H C/T' E T/O'HI T/D LxSxC
R% - Rating (%) of ilh viable candicate WWS (indepemdent of vessel)

HI - Hazard index for physical hazards associated with WNIS due
to sharp edges

MCIT - Hazard indexc for (bU~ck water) Collwfloii/Transport subsyssem

""D- Hiazard index for black water Treatment/ D sposal subsystem

RIGT,j Hiix..4d index for gray water Treatmein/Dlsposal subsystem

L - Ukelihoed of hazard fThe CIT aW T/D (black cr gray) subtystreni
s - severity of hazard for C/T sand T/D tblack or gray) wuayrenur
C - Hazard correction for C/T AMd T/D ao a

(black cc gray) wubsynerr 40W
0 HI M .. Maximum possible value of RIl Aa&L Install. o

0 M/w~i3M=19 3(4~x4)192(Continued)

Effectiveness AttribUtO Data- and Ratir.gs for Viable Systqni essel Cminations
WMS GALLATIN J IGOROUS FIREBUSH PAMLICO WHITE SAGE IPOINT HERRON

** (378*)J (2 10')I (1801) __ (16 0') (1331)j (82')

2 /0~a~.(o ' '100N

3k maal". too____ ____ N A

4 N A /___ N A 1 100 _____ ____N -A

6 N A N A too N Aaq

a, a, da/Adot

8 N A N A 0'0qA 100 too_ N__ A

10 b acob--a96N A

11 N A b'Q'/Cb4 90go_

12 N A N A Va~d/~~ 8___
13 N A N A /Qaa/6' 961 N A
14 a0j8~~

15 9____ N___ Aa 9

17 N A N A a.a 99 N__ A_

18 N A __ N_ A_ _ 96__ N__ A

Attribute DAtai1 4-. Rating NIA - Not a viable system/vmde~ combinations 1 36
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IV - 51

Definition and Values for L 7

(a) No chance (L - 0) 4

(bW Highly unlikely (L - 11

(c) Fair to even chance (L = 2)

(d) Higly likely (L = 4)

Definition and Values for S

(a) No resultant injury (S = 1)

(b) Results in injury of low to moderate severity (requiring first aid

or limited medical treatmentl (S = 2)

(c) Results in severe injury or death (S = 4)

Definition and Values for C

(a) Hazardous situation can be easily corrected (C = 11

(b) Hazardous situation is difficult to correct (C = 2)

(c) Hazardous situation cannot be corrected (C = 41

WMS data (independent of vessel) is given in the form:

Gray water Treatment/Dtisposal subsystem

Black water Treatment/Disposal subsystem

(Black water) Collection/Transport subsystem

* Combined effect of injury due to sharp edges/points and sewage

contamination may introduce harmful pathogens into the bloodstream of an
affected individual.
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EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M/C IV - PERSONNEL SAFETY

'521~ ca hazards associated with WMS due to hot surfaces

i .tect. -less Rating Function 100o ( - H/I48J 0<_HI :S 48

,ung ., -"I+W 48 <HI <1921

A C/T + T/D T/D
HI Hc/T , HillT/D, HIG T/D -- L x S x C

Ri(%) - Rating (014) of ith viable candidate WMS (independent of vessel)
HI - Hazard index for phytical hazards associated with W•tS

due to hot surfaces

1-/ - Hazard index for (black water) Collection/Transport subsystem"C/T
HIBC/,T Hazard index fee blackwata Treatmnent/Disposal subsystem

HIGC/7r Hazard index for gray water Treatmemt/Disposal subsyszem

L - Likelihood hazard for CtT and T/D (black or gray) subsytem•s
S - Severity of haraid for C/T and T/D (black or gray) subsy•ytms
C - Hiazard correu~t1 for C/T and T/P Do

(black cc gray) sutaystern ssi w, wM s
'0 W4 M M- Maximum possible value of HI = Anal. lmtl. A

3 (4x4x 4) 190 (Continued)

Effectiveness Attribute Data and Ratings for Viable Systq m)tessel CombInatins
WMS GALLATIN [VIGOROUS FIREBUSH PAMLICO WHITE SAGE ]POINT HERRON

S 0(378')9 (210') (180') (160') (133') (82')
1 -, a,,,/ajoT -- __ _

_____ _ _ /a, o 100
/ao, 100 N A

3 _____N A /~.~b6a N A

4 N ,AA a. 0 N A

NA N A /_,__NO 9 _ N A,6b~ N A N A 6'

NA ,Qaj c.b'a
7 N A _0,00 92 N A

B N A N A /clb.a 83 N A
S9

b,a~/;~
10 la.a0a 88 N A

11 N A Solo 8 ...

12 N A N A /b~b,• 94 _._N A

.-
t a r l .,a, m 913 N A N A aa/ba 1I4 N A

14 bok-a 9

15_____~ a~/~ba 88 -N A
16 b~a,ajc,b,a

17 N A N A 94 N A

Amtibute Data-. Rating N/A - Not a viable systern/vessel combination 138
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Definition and Values for L

(a) No chance (L = 0)

(bi Highly unlikely (L = 1)

(c) Fair to even chance (L 2)

(d) Higly likely (L = 4)

Definition and Values for S -

(a) No resultanf injury (S = 1)

(b) Results in injury of low to moderate severity (requiring first aid

or limited medical treatment) (S = Z)

(c) Results in severe injury or death (S = 4)

Definitton and f,~ ~sorLC

(a) Hazardous situation can be eastly corrected (C 1)

(b) Hazardous situation is difficult to correct (C A, .

(c) Hazardous situation cannot be corrected (C = 4) A

WMS data (independent of vessel) is given in the form

L Gray wate'r Treat ment/Di sposal1 subsystem

Black water Treatment/Disposal subsystem

(Black water) Collectior,/Transport subsystem

139
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FA
EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M'/E IV - PERSONNEL SAFETY

53 Physical hazards for WMS maintainer due to rotating machinery

Etloctiveness Rating Function a1 0)01oo1 - H/48) oIý48A

HEI HI H-IDl H 8(i•GHIT T/D T/D
l-i HIBD HIG -LxSxC

10-CIT' T/D' TID
"2Rj) - Rating C1) of Ith viable candidate WMS (in piependent of vessel)

IHI - Hazard index for physical hazards for WMS maintainer due to
totating machenery

HI/T - HEazard index for (black water) Collection/Tramnsport subsystem

HIBT/D - Hazard index for black water Trearmen/Disposal subsystem

HIG T/D- Hazard .ndex for gray water Treatmentl/Dsposal subsystem
L - Lilelihood of haznrd for C/T and T/D (black or gray) subsystems
S - Severity of hazard for T/C and T/D (black or grayl muboyierum1

C - H-azard correction for itr and T/D Uz Iffa(black or gray) subsystemi MS W15D W%13

' "- HI M - Maximum possible value of HI Anal I'u-* Co
M/4 48 MnO 1024411 An.1 AZ.!

"•0 M/ = 4 Iv• 1023 (4 X 4 X 4) 192 "

(Continued)

-Ehffectiveness Attribute Data and Ratings for Viable Systqm/Vessei Combinattons1
WMS GALLATIN 0 VIGOROUS r'IREBUSH PAMLICO WHITE SAGE POINT HERRON

# (378') (210') (180') (160') (133') (82')

" "__ _ __ _ _ __ _ a,cifKba ?------__
2 O,0'a,/bha9N A

3 N A /5,b, 2 92 N AN b blba/ b, Its

4 N A /b.b. ,b$a N A
S5N A . N A lo.b'a . 8 N A

T6 N A N A _/bba _2 N A

7- N A .3 N A
=N, Ib,6l ,410a N A8 N A N A , N A

____ ~ ~ ~ ~ C b____ _ ____ / 4b'a9 16,6,a_ •_
'10 __ blb~a 3 a/ __

10 85 N A
- Ic.,oja/ba,a :.

11 N A i. a

12 N A N A /-,6. N A

13 N N A B I N A

14 _ _ _ ____

is /b,a .a bc 9_ _ N A
16bao/b,•a 92

17 N A N A 90 N A
N N A N

Attribute Dtaca 1- Rating 14/A - Not a viable sysien/vew! combination 140
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IV -53

Definition and Values for L,

(a) No chance (Lw 0)

(bI Highly unlikely (Lw 1)

(c) Fair to even chance (L - 2)

(d) Higly likely (L = 4)

A- Definition and Values for S

(a) No resultant injury (S - 1)

(b) Results in injury of low to moderate severity (requiring first aid

or limited medical treatment) (S = 2)

(c) Results in severe injury or death (S = 4)

Definition and Values for C

(a) Hazardous situation can ba easily corrected (C = 1)

(b) Hazardous situation is difficult to correct (C - 2)

(c) Hazardous situation cannot be corrected (C - 4)

WMS data (independent of vessel) is given in the formLSL, Gray water Treatment/Disposal subsystem

Black water Treatment/Disposal subsystem

(Black water) Collectton/Trans1~ort st bsystem
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EFFECTIVENESS RATINGS FOR ELEMENTARY FACTOIRS/SUBFACTORS

M/E V - HABITABILITY

• Habitability problems* associated with bacterial contamination due to
-. VWMS inherent design

Ettectiveness Rating Function Min (R RL R

Rating (o) I : C/T I'D

RW MS - Raring for WMS Data given Ia the form (rot vemel dependent):

lot a C/,r - Rating for (black wate) C/f sulAysterm

RDB/ - Rating for black water T/D subsystem z T ZB-/E ZGT/D) Att:lbute
SRGD lRatng for gray water T/D subsystem I I I

TI RCT BI-)'R I atings J
Deflalintln of ZC/T, ZBca. ZG l )a
(a) Them,• s .o habitability problem aocliated with

bacterial co•tamination as a result of WMS
subsystem inherent design features.

(b) There Is a habitability problem associated with
bacterial contarnlnarlon as a result of Wi.V

subsystem inhercnt design fe4,it s- i I I

__ _ b _. instill.. Can

Attr A~ibute *As distinguished from problerms of health and safety; ^nl Ana.
likely Mychological reacions of usemrs are a
matter for corslderation.

Efecve-nes-sAtt••1-bute Data and Ratings for V•alble Sytm/Vessel Combinatrir nstl

WMS GALLATIN [VIGOROUS FIfEBUSH PAMLICO WHITE SAG E P.OINT HERRON

# (378') [ (210') (180') (160') (133'),) (82')
11 11) CAl a I -V

2 6bl r 0 N A

3 N A a/Wa 0 N A

4 N NA a]I6a 0 __ _N A

5 __N A __ N A a!fb W N A6 N A N A ala/6 0 N A
6 N A NA bI/a/ 0 N A

8 N1 A NA ., N A•A
9 _ _ ____ a/c, too _ _ __ _ _ -

1.0 _ _ ___ aio/a 100 ____ ____ N A
_ - --- 1 -___--_

11 ______~N A a/ol Ioo a____ 100_

1 2 N A N -. A 0, a/bI 0 __ _N A

1N A N A ola/a/6 0 -_ __ N A

14 0/ a/la 100
15 a~a//c 100 N A

! .. - m ] :-- 77L...- NA0

18 NNAN
Atribute Datl-f Rating NI/A - l'" a vsatie system/vyesel combination 142 A

, , i i i i i i'f i i • I I I I 1 I I• I I I 1>



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBPACTORS

__ _ _ _ _ V - HABITABILITY

Habitability problems associated with bacterial contamination due to procedural
12 errors/equipment failures of WMS

E11tctiveness Rating Function Ps r TID, RC

R WMS - Rating fox WMS
:RC/T -Rating for (black water) C/T subsystem

8. RBT/D - RAwg for black water T/D subsy•ytrn

RG T/D - Rating for gray water T/D subsystem

to ....... As dlstingulsbed from problems of health

aix sdfery; likely psychological reactions

of utee- krc a manex for cons='deration, I d " 1 ,IW C.

Attribute_ AnalI, Ansl.
A(Continued) ,r .

Effecti•ieness Attribute Data and Ratings for Viable Systt mýeseI Co-minations
WMS GALLAT!N VIGOROUS IFIREBUSH PAMLICO WHITE SAGE POINT HERRON

S (37') (210')8 (160') (160') (133') (82')

3 N - N A

4 N A b/b/a 20 N A

5 N A N A 6/b/6 90 T0_N A

6 N A N I a/c/ 20 6_N AN

7 N A 6 , 0 , So N A

8 NIA NIA 6/t, o n _ __N

9 o. 00la IO "_'

10 CI/ 100 _N A

11 N A l/a&c 00

12 N A N A a/4/ . N A

13 N A N A ala/lIQ _ N_

15 l b/ 0 _oN A

.16 b/alm oSol ._

17 N A N_ A lo/'/b 10 N A

N A N_ __ N. -Ai:

Attribute Data-- RAting N/A - Not a viable system/ vesel comblrution 14 3



V -12

Data given In the form (not vessel dependent):

Z BTI ZG Attribute

RB RG RatingsIC/T T/D' T/DJ

Definitions of ZC/T, ZBT/D. ZGT./D

"(a) A bacterial contamination problem due to procedural errors/equipment

failures of WMS subsystem is highly unlikely.

(b) Procedural errors/equipment failures of WMS subsystem are likely to

cause a bacterial contamination problem.

NOTE: The T RED MSD, because it has a vacuum collection system, is less

likely to expose per-sonnel to sewage in case of a line break; the

Chrysler, however, will not only expose personnel to sewage but

also to bacteria-conta minated oil; the GATX is more likely to expose
personnel to bacter.al contamination due to its pressurized sewer

lines,
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EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M/E V - HABrTABIJ.IrY

21 WMS fixture comfort

Ettectiveness Rating Function

100

(a) Commodes and urinals are comfortable and
easy to use, even under ship's motion.

(b) Commodes and urinals are not comfortable

and not easy to use under ship's motion.

___I______ 1 1 1"
b____ _ •Data not vessel dependent. 1A ^l. Iflltj?1 I C'I"

Attribute Anc ^,,Ac,

Effectiveness Attribute Data and Ratings for Viable Sysqm7i/esel Combinations
WMSi GALLATIN rVIGOROUS 1 FIREBUSH PAMLICO WHITE SAGE IPOINT HERRON

* • (378') I (210') | (180') (160') (133') J (B2')

2 ._ i!00 N A
3 N A a 100 _ N A

4 N A a 100 _ N A

s N A N A 100 " N A

6 N A N A a 100 N A

7 N A Q 100 __N A

8 N A N A 0 100 _ N A

9 a 100 _

10 _a 100 _ N A

11 N A 4 100

1_ N A N A _ A_0 -N A

13 N A N A ! 100 " N A

14 a 100

-15II N A

16 100 __ _

17 N A N A 1 _00 N
18 N A-Nd A a /A- _ _ N An

AtuIbut. Dst.-. Rating N/A -Not jA viAble syatem/vceasl combination 1'



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M/E V - HABITABILITY

22 Flushing procedure requirements for WMS ffytures

Ettectiveness Rating Function
R*tin

100 (a) There are no "non-standard" requirements
for flushing.A

(b) There are "non-standard" requirements
for flushing.

0 b Data not vessel dependent. Al.. cou C

Atdbute And. AW.

Eirectiveness Att~rilita Data and Ratings for Viable Systqm/Vessel Combinations
WMS GALLATIN VIGOROUS FIREBUSH PAMLICO WHITE SAGE iPOINT HERRON

# (378') - (210') (180') (160') (133') (82')

a 100

2 too N A

3 N A (Q 00 N A

4 N A a 1OO N A

S N A N A 100 __ N A
6N A N A a _00N A

7 NA C 100 N A

8N A N A a 100 N A

10 0 N A

11N b o
12 N A N A b 0 N A

13 N A N A 6 0 N A

14 , - -

S15 , ... . b 0 N A

16 6 i _ 0
17 NI A N A b I ___ N A

18 N .A N.A ___-_ Nb1

Amrbute taJ 4-Rating N/A - Not a viable tylczm/venei combination 1 46
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EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M/E V - HABITABILITY

23 Waste Retention In WMS commode bowl

Ettectiveness Rating Function

(a) The amount of waste that remains I- the bowl after
95 - b flushing is less than that remaining after flushing

a standard full volume water flushed fixture.

(b) The amount of waste that remains in the bowl after

flushing is the same as that remaining after flush-
ing a standard full volume water flushed fixture.

(c) The amount of waste that remains in the bowl after

flushing is more than that remaining after flushing

a standard full volume water flushed . fowe, L;it
%1I;D %NI ý%Ks

0 fixture. Arul. Insl,,,. Co.
Attrbute Anul, AnIl.

Data not vessel dependent.

Effectiveness Attribute Data and Ratings for Viable Syst mr/Vessel Combinations
WMS GALLATIN 1VIGOROUS FIREBUSH PAMLICO WHITE SAGE ~POINT HERRON

# (378') J (210') (180') (160') (133') (82')

2 b _ _ N A

3 N___ NA ~ 5____N A

4 N A b 95 _ N A

5 _NA NA 6 95 N A

6 N A N A 6 95 N A

7 NAb 95 N A

8 N A N A b 95 N A

9 _6 95

10 95 N A

11 N A b 95
12 N IA NAb 9-5 N A

13N A N A 6 95 N A

14 C 0

1sC 0 N A

16 C 0

N A N A c0 N A

N A N A C 0 N A

Atcribute D~tA-- RiIlg N/A - Not a viable tystem/veaaai combination 147



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M/E V - HABITABILITY

24 Likelihood of user contact* with WMS fixture flushing medium

Ettectiveness Rating Function
R~ting ) (a) User is unlikely to come into contact with flushing

medium.

a (b) User is more likely to come into contact with flush-
Ing medium than with standard water flushed fixture.

" Due to flushing medium composition or fixture design,
motion of vessel (which may cause splatter, splashing,
or spillage of flushing medium) WMS concept implementa-
tion, equipment failures, or operator errors. Systems
which employ a pressurized sewer line (GATX) or oil
return line (Chrysler) are more likely to expose person-
nel to fixture flushing medium or sewage in 6o 0 ce o f D at a I•

case of a line break. so •0n wC •,t.
- -$ Anal. itn* l. C•,ýg

Attribute Data vessel not dependent. Al . .

"Effectiveness Attribute Data and Ratings for Viable Sys-t m/Vessel Combinati;ns
WMS GALLATIN VIGOROUS I FIREBUSH PAMLICO WHITE SAGE 'POINT HERRON

. (378') (210') (180') (160') (133') (82')

A b A 6 0 N A

4_N A a 100 _ _N A

5 NA NA a 106 N A

6 N A N A a0 __N A

7 N A 100 N A

8N A N A C 100 N A

9 Q__ _ _ __ _ _ 100 _ _ _

10 N a NA

11N A _ 100
12 N A N A a 100 _ N A

13 N A N A o. 100 N4 A

14 6_ ____ 0 ____ _ _ _ _

15__ 0 _ _N A

16 _ _ _ _ _ _ _ 6 0 _ _ _ _ _ _ _ _

17N A N A 6 40 N A

18N A N bA 16 N A

Attribute Da-AJ 4 -Rating N/A - Not a viable system/vessel combination 148



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS A

M/E V - HABITABILITYI j
25 Appearance of WMS fLxture flushing medium

Ettectiveness Rating Function

R•atg (g )

(a) The color and general appearance of the
flushing medium are as acceptable as
clear water.

(b) The color and general appearance of the
6b flushing medium are acceptable, but clear

water is preferable.

(c) The color and general appearance of the
flushing medium are not acceptable,

SOurCC of Data

WMSD IwMSWMS01_C ,Anal. ,lrurll. Co ,
Attribute Data not vessel dependent. EzL^.,. 1jJ

Effectiveness Attribute Data and Ratings for Viable Systtn/Vessel-Combinations
WMSJ GALLATIN VIGOROUS I FIRE BUSH PAMLICO WHITE SAGE IPOiNT HERRON

# (378') (210') (180') (160') (133') 1 (82')

1. 100
2 16 60 N A

NA b 60 N A
4 N A c 100 N A

5N A N A a 100 N A6N A NA a 100 N A

6 N A a 100 N A

8 NA NA (k 100 N A

9a 100
10 a 100 N A
11 N A 61 100 _ _12 N A O

N A NA G 10 N A

13N A N A a 100 N A

* 14 Q1~00____ ____

i 15 100 N A

16 0 100

17 NA N A a 100 N A

18 NA N A aL 100 N A

Atribute Data-# Rating N/A - Not a viable system/vexiel combination 1 49



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M/E V - HABITABILITY

26 Noise produced in flushing WVMS fixtures

Ettectiveness Rating Function

(a) The noise produced in flushing is less than
900 that of a standard commode/urinal.

(b) The noise produced in flushing fixtures is
the same as that of a standard commode/
urinal.

.(c) The noise proauced in flushing fixture is
greater than that of a standard commode/
urinal.

ScZ~coorDats2
0 s W),MSIWa -WWcra Data not vessel dependent. Anal U3(611. Co.

Awibute A-

Efectveness Attribute Data and Ratings for Viable Systqrn essel Combinations
WMS GALLATIN VIGOROUS FIREBUSH PAMLICO WHITE SAGE IPOINT HERRON

# (378') (210') (180') (160') (133'1) (82')

1 6 95

2 __b 95 N A

3 N A 16 95 N A

4 N A _95 N A

__5 N A N A 6 95 N A

6 N A N A b, 95 N A

7 N A b 95 N A

8 N A N A b 95 N A

9 C 0 __

10 "_C 0 N A

11 N A C 0
___12 N A N A __ 0 N A

13 N A N A r 0 N A

14 6 95

16 lS 6 95 N A

16 6 95
17 N A NA 195 N A

18 N A NA 1 95 N A
Amlbute Dau1u.•i Rating N/A - Not ak viable tyne.zn/vesel combination 150



"EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M/E V - HABITABILITY

31 Odors produced as a result of inherent WMS design

a i Ettecliveness Rating Function R M R RB RG )I
J 4RiR (Lh,) -Rating for WMS

R - Rating for (black water) C/T subsystem

100_-'T/D - Rating for black water TID subsystem I
RGT/D - Rating for gray water T/D subsystem

Data given in the form (not vessel dependent):
z C/T- ZB T/D G ,D) Attribute

1 C/T T/D RG/D)

Deflanidori; of Z C/T, ZT!D. ZGTID
(a) The WMS subsystem produces no odor as a result of lnhere i t

•i ,Soucc of Da,,
__________0______ b_ - (b) The WMS subsystem produces a noticable odor as a result An l.Ilnusall. Cost

"AztzLbute inherent design. Anal Anal,

Effectiveness Attribute Data and Ratings for Viable Systqm-/Vessel Combinations
WMS GALLATIN [IOOSjFIREBUSH PAMLICO WHITE SAGE IPOINT HERRON

# (378') (210') (180') (160') (133') (82')

_______ ~~aJUjb 0 _ _ _ _ _ _ _

3 N N a/ 6b1b 0 N A

4_ N A aalb o N__ A

F NN A N A a/cu/a 100 N_ NA

6 N A N A c/o,, 0 N A
- - , - - - - --,- . - - *

N_ _ N A cIaIb 0 N A

8 N A N A a /a/a 1001 N A

9 __ _ _ _ _ _ _ _a1616 0 _ _ _ __ _ _

10_ ./l_6 0 N A

11 N A a/ti/b o
12 N A N A Abla 10 N A

13 N A NA a 6/a eo0 N A

14 ______ 6/ A b - 0

15~~ o____ ____ 4aI N A

16 _ _- _ _ _ _ __ _

17 N A N A d/ 6/a 0 N A
6NAJ NA a /w 100 N A

Attribute Data-A 4-Rating N/A - Not a viable systelln/vemsl. combination 1
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EFFECTIVENESS RATINGS FOR ELEMENTARY FtAU\ORS/SUBFACTORS

W/E V - HABITABILITY

3 Odors produced --b a result of procedural errors/equipment failures of WMS

Ettectiveness Rating Function R Mhin RG M---

S~, ,•) RwZI, l - Rating f.-ir W•S

""aRci - Rating for (black water) C/T stbythlyem
100 RBT/D - Rang for black wates T/D subsystcm

RG - Rating for gray water T/D subsystem
T/D

Data given in the form (not vessel dependent):
C/. *B Z.G Attribute
CT IT/D ITOP

B R a
C/T T/DP T/D) 'rigs.

Dtlnitions of ZC/T, ZB.T/D ZGT/D

(a) The WMS subsystem produces no odor as a result of Source f Data

0 b procedural errors equipment failures. MI A w.n.S I W i>.st

Attribute - (b) The WMS subsystem psuuce. a Doriceable odor as a A nil Anil.-
result of procedural errors/equipment failures. EZ L--I

Effectiveness Attribute Data and Ratings for Viable Syst mvass~el Combinations

WMS GALLATIN VIGOROUS j FIREBUSH PAMLICO WHITE SAGE IPOINT HERRON
4 378) _ (210') (180') (1601) (133')_ (82')

2 _____6/~! o J___ ___ N A

3 ___ N A 6/6/6 0 ___ __N /_ 0_ _ __ _ _N A

A N A 6/6/6 0 N__A

6 N A N A sb/6/b 0 N A

7 ____NA b/b 6 0 N A

8 N A INA h b/b/ 3 N A

9 6___ /b/b 0 _ _ _ _ _ ______

10 6~t/ bl 0 N A

11 N, NA th 46
12 N A N A WLONA 0N

13 N A N A /b 0 N A

__ 6/6/6 0 ____

161 ~6/1s/6 0 ____ ___ N A
1 ___ 1 6/ L/ 6

1.-7j N1A N A_ ___ ___ N A

NJ A If Attrit'ate Data- 2  A-~~Rating N/A - Nota %4able system/vessel combination 1 52
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EFFECTIVENESS RATINGS FOR CIIMENTARY FACTORS/SUBFACTORS

W/E V - HABITABILITY

41 Heat generation foc nearby personnel*due to inherent design.

Ettectiveness Rating Function it 06) lio - (HiF - 3) 3SHF!ý6

Rating ('7) HF IxHI 0 16<HF_:SI 2

HI - HIC/T + HIBT/D + HIGT/D

100 -- v() - Radng(la) of ith viable candidate WIAS on vessel v

HlF - Heat factor for nearby pesonnel due to inherent WMS design
and installation

I - Installation index (for heat)
HI - Heat index for WMvIS
HIC/T- Heat index for (black water) Collection/Transport subsystem

1-IB T/ Heat index for black water Treatment/Dhposal subsystem

HIG Tj-Heat index for gray water Treatrnent/Dispotal tubsystem

M - Maximum possible value of HF = 2 (2 + 2+ 2) z 12
JN - MinimumvalueofHFz=1(l..1 + 1)3 =0o IgttD tIw•~\'. ISI

HI Anal. ltrall. Case
N . M/2 6 M It * For operator/maintainer/adjacent berthing and IAnal. Analworking areas, Lv I Z

(Continued)

Effe.-tivenes s 1ure Lta 'and Ratings for aVble Systm-/Vessel Combinations
WMS GALLATIN YVGOROUS FIREBUSH PAMLICO WHJTE SAGE POINT HERRON

_ (378') E(20') G(80') (160') . (133') (82')
1 al o / 10o aadjala 100 (l '00 100 Q/ 100
2 a/ 100 Ca/ i00 9l/QLIp 100 ai too a/ L 00 N A
3 b) 0 N A a/i6/a 67 ! ob0 0 N A
4 aI __ 100 N A a/1/a/a 100 aI 100 _P/ 1O0 N A

5 N A NA Q/a/a/a 100 a/ 1O0a/ i00 N A
6 N A NA _ala/,t/a 10 Col (00 I/ 100 N A
7 bl N ,L-A al/ (/a 6 7 6) 0 16I 0 N A
_.8 N A NA ja/6/b6 33 b] . bI 0 N A
9 100 d 100 , 0cta/(/a 10 0 too 100 ao/ __ _oo ,.

1o 0 o b/ 0 aI/a/ 61a 6 b 0 bi 0 N A
I1 dI 100 N A a/a/a/a I0o (l 100 / I0. .
12 N A N A ct/ala/a 0 t a] 100 o .L 100 N A
13 N A N A ax/a/i,/b 33b/ o 16 0 N A
14 d/ 100 a/ 00 a/a/•a/a 10 0a! a/0 a1 000 al 00

15_• 0, 6 / o 6._ 1! 0 6/ 0 ,j~-11I __ 0 b!j6 Z o I N A
16 aC/ t00 a! 100 /0 ,,./a/c/d 100 &/ 100 '/ 100 a/ J00
17 N A N'4 A a/a/a/a 00 qo/ 100 a/ 100 N A

8 NA Ng A a/a -33 b/ 0 0 E5 A
Attribute VaJRating N/A - Not a viable system/vessel combination 153
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V -41

Definition and values for I

(a) Location of WMS is not likety to raise heat level due tu

proximity to working and berti.ng areas ( I=).

(b) Location of WMS is like to raise heat levele to prnximity{A
to working and beri.Lngareas (I= 2 ]

Definitton and values for HI /T, I HIG

(a) The WMS subsystem does not generate enough heat, as a

result of inherent design features to render its v.cinity hotter

than most shipboard areas containing machinery (HY~T HisT/

HIG =1).
T/D

(b) ýhh WMS subsystem does generatc enough neat, as a

result of inherent design features to render its vicinity hotter

than most shipboard areas containing machinery (HIC/T, HIBT/D,

IIBT/D =2).

WM3/vessel data is given in the form:

I/HI HIBT,/.., HIGT,..

L Not vessel deperndent
-.- Vessel dependent

I 154
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EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M/E V - HABITABILITY

r Heat generation for nearby personneL*due to procedural erors/equipment
42 failures of WMS

Ettectiveness Rating Function R 0) = 100 -1 0( F -- ý I
"Ratin g(c) HF= IxH 03 I

HI = HIc/T * HIBT/D t HIG = 0 j6F_12

100 - Rilv() - Ratingo) of ith viable candidate WMS on vessel v

IF - Heat factor lor nearby personnel due to procedural errors/
equipment failures of WMS and installation

I - Installation index for WMS
IlHI - Heat index for WMS
HIC/T - Heat index for (black water) Collection/TrarsporE subsystem
'KIDT/D- Heat index for black water Tre , crnen t/Disposal subsystem

HIGT/DT Heat index for gray water Treatment/Disposal subsystem

M - Maximum possible value of HF -: 2 (2 + 2 + 2) 7 12
N - Minimum value of HF = 1(1 + I . 1) =3 102:, 'f D

HE * For operator/ti-aintalinr/adjacent berthing and An3it. c at
0 N =3 M/2 '6 M 12 worldng areas. AiiM. AflniI.l (Continued)

Effectiveness Attribute Data and Ratings for Viable Systqm/Vessel Combination,

WMS GALLATIN VIGOROUS FIREBUSH-- PAMLICO WHITE SAGE POINT HERRON
(378') (210') (180') (160') (133') (82')

1 100_ lO0 QjQ'Ci00 a/ 100 a/l 00O qj__ 1C0
2 a! 100 l 100 a/aI, c ,a 100a Io I / a 0o N A
3 bJ 0 N A ja.,b,a 67 6/ 0 b6L 0 N A

4 at 100 N A a/ 1/,aLa JO 100 4/ 100 N A
5 A ct/ t, , a 100 L 00Oa 100 N A

a300 N A

N , A N^ A /•,. 10'/ 100a/ ,o0 N A/
,7 b/ 0 N A l/ a,h,C( 67 6/ 0 16/ 0 N A

9 qJ 100 a1 1O0 a/a,a,a a 0O •I 100 ,0 1_100 a) 1oo 0
10 b/ 0 b 0 a/a,b 67 61 0 I N A
11 a/ 100 N A a11, CO 100 (1 100 a/ 100 1 00

12. N A _____ j/ aa,a ct 10 a] jOQ a oo N A
13 - N A N A ci,6,b 6 3,/ 0 ,/ 0 N A

9L 1';ý0 a a IGa 3 100 / COa/ '00 at 100
15 b. 0 t)! C alab, a 67 b1 0 b/ 0 N A

I fa. I LI OLN 100 a/, Jc 0o~ a] gjO"II _4 _1 (A 
_1 aCI

17 14 A N A ,x , i 10G1 100I~a 100 N__

18 N A N A a_ a.6, 33 b0 b/ 0 N t•

Attribute Daa------ Run N/A - Not a n-.blea, m'wvctel combination - 55
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Definition and values for I

(a) Location of WMS is not likely to raise heat level due to

proximity to working and berthing areas ( I =

(b) Location of WMS is like to raise heat level due to proximity

to working and. berthing areas ( = 2 ).

Definition and values for HI RIB , 1 IG
CZLT2L LLZD

(a) The WMS subsystem does not genevate enough heat, as a re- ali of

procedural erlors/equtpment failures, to render its vtcinity hotter

* than most shipboard areas containing ma.hinery (HI.,, HIB
¢,7; HIGT/ -1). :

T/D

(b) The WMS subsystem does generate enough heat, as a result of i
procedural errors/equipment faIlures, to render its vicinity hotter

than most shipboard areas containing machinery (HI C/T,111 T/D,1
HIB T/D2.

WMS/vessel data is given in the form: '
I/HI . ,' tIBT,/ HIG TD

L-.Not vessel dependent

L---Vessel dependent

I +



EFFECTIVENESS RATINGS FCR ELEMENTARY FACTOS/SUBFACTORS

SM/E _ _-V - HAP'ITABILIT'Y _

Noise level for persorinai U vicinity of WMS

Ettec.,- less Ratirng Functior, R_ 5,) 1= O . (NF - 3) i3<N <12
Rating (0$) NF .I x NI ANI NIc/ NIP, / '11IG =0 1:<H • 4?

.C/T T/D T

Rv(,o) - Rating, (o) of 1th viable candidate WMS on vt;4el v

NF - Noise fa rtor for nearby peirsonnOe due ro WMS and installation
I - Inst~llatior. index (for noise)
NI - Noise index for WMS
NI - Noise inde-x for (black watere Coh&ction/Traruport subsystem

CIT
NIB T/D- Noise index for black water Teat~memt/Dispusal subsysttsn-

SIGT/D- Noise index for gSay watte TrearMent/Disposal subsisteui

M - Maximum possible value of NE ý 2 (4 + 4 4) 24
N - Madmum value of NF " .= +1 + 1) -

* F(5z opera sox /m ais rinta er/adjacceut w oridog ( ~ ' ~ r I ,
, NF and bertUng areja. l nil" IKn'•.t11. I,N~~ ~~ 3Olt W2 IL - lIAnl

N~ 3 M t2~ l2 M ~ (C o n tinued) L " - J
Effectiveness Atiribute Data and Ratings for Vle-Systqrtn/e:;-- s e Co-ina

WMSj GALLATIN VIGOPOUS 1FTREBUSH PAMVLICO . HTSAGE POINT HERRON'
(378') (210') (180') (160') (133') (82')

3"2._ 11 2N al -j?~ o 37- / 78 01 78, N A +-

."L 78 N A /L q5 . _72•__ 7__ 1 N _ A-4 7S

I . 78c N A l1+7 N A '+
N A N Ai 6,b,,t 67 al 67 al 67 N A-!

________ ___ _--IC__ __.• L _ __ ',/,,', Q. 2 +L -ra - .• .'. _• .

2 Nj A N 7A aljjq, o 99 aj 11I- 9 N A

7 / 78 N A a,/-,b,a a L78a 78 N A

NA a 6,6, b _ 67J._ 67 N A

a 13
aa 6., -at _R•

6 N A N A aI L•L, -8 N - iN:

7 ___ _ 7_NA _j_ 71Q

, -f13 N A N A 6, 6 g _ 67 1 H
1j4 0 89 ý_ . O.baA 8") 9 ~ ~ 9 (4/ 89

1 ___7$8 7 _a, Ij 79 N'1 A
16 CL___ 78 7A a, .,i 7 8a ~ - ___ 78 c't__ 79

1 ___J A Vý 1 7!7 tt78 _ NI A
NJA I7 Nl AJAjb/C

Atruibuts Uauat. als N/A - N~or a viable systern/ vessel comblostion ] ,7

L -- ,-
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V-5

Definition and values for I

(a) Location of WMS is not likely to raise noise level due to

proximity to working and berthing areas (1- 1)

(b) Location of WMS is likely to raise noise level due to proximity

to working and berthing areas (I = 2

Definition and values for NIc/T, NIBTD NIGT

(a) Subsystem is silent or nearby silent (NIC NIBT/D, NIG =1)

/T T/D1  T/D

(b) Noise level of subsystem is approximately equal to background noise

level of vessel (NIc, NIBT/D, NIG =2)

(c) Subsystem Js very loud, produces constant noise, drowns out

vessel background noise in immediate area of the system; must

shout to be heard (NIc/Tt NIB/, NIGTD =4)

T/D' /

WMS/vessel data is given in the form:

I,' NIBI .
c/r -T/D- TD

L--Not vessel dependent

-Vessel dependent

C 1,_



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/S UBFACTQRS

MWE____ V - HABITABILITY______

6 Vibratin levels for nearby personnel~produced by WMS machinery

Ettectiveness Rating Function P, (5 0 - 1- (VF -3) 3ý VFý12

- ~Rivo~) - Katdng(%7) of ith viable candidate WMS on vesse v

VI - ibsalation index (for Vblakration) Cleto/rnpr uss
Via Vibration Index for lakWatrTetMtDSpsi usse

VIG ' V ibration index for grayk water Treatrmet/Disposal subsystem
'I'D

M - Maximum possble value of VF = 2 (4 -e 4 *4) = 24
N - %4rdmurnvalue ofVF = I( +I + 1) ý3

Or For operaEor /m al nainer /adjacent working and swci u
0 IMSDIW$ W?.t

* 1--0- VF berting Ara.An-%. l.(Jw3 tI. C' It
N=3 M/2 =12 M m 24 Anl nl

(Continued)

Effectiveness Attribute Data and Ratings for Viable Systqui/Vessel Combtnatio*;)s
WMS11 GALLATIN 1VIGOROUS FIREBUSI- PAMLICO 'WHITE SAGE POINT HERRON

I'l (378 1 (2 10') 1 (180') (160')1 (13 3') -~(82')

. ~I , 0_0 C 1100 /alaja 100 QL (0 lo t00 ~____ 100
2 a 100('! 100 cL,/a, a, a10 I loo'7 100 N A

00 NA_ a/ a, a, a 100~ al 100 __ 100 _ _N A
34 a It29 N A a/a,k _ j112 _- A

SN A N A ala,_6,6 1 OL/ 78 ai 79 N Aj
6NA N A a/,a 89 gj 9' 9/ N A

7 04 89 N A ala, b, a ~99 __ N A

8 N A N A c a+1,I6 7 ~ 7/ 7 8 N A
9 al 100 a/__ 100 v a, et , 100 q/... 100 'a/. LO00 -:_ 00

10 a] 100 a/- 100 a a, a'a 100 1 00 all (00 N A

11 al 00 N a10, a,aa 100 al 100 a/L____100 J 100
12N1 A N A /aa1~z6 al 99 i 9 N A

13 NjAN A ala, a,I 6 9 al_ 99_0 N A

14 ci/ J C L lob a/a' aa I00 10 aOl./ -gQ~~_ 100 1
15 al i0 on al 1 (00 ! ____ C00IL 100'1to N A

___ ___ 0_ 0 (C aaaI0110-0 1/ 100 1j___00
17 N-___A I N A a/a aL~ a~ S9j9 N A
18 N__2N A ga (1 ii, j4,t 44 N AJ

At-tribute Du #Rating N/i. Not A viabie systenn/veuse-1 cambination 5 9 14



V-6

Definition and values for I

(a) Location of WMS is not likely to raise vibration level due to

proximiq, to working and berthing areas (I 1)

(b) Location of WMS is likely to raise vibration level due to

proximity to working and berthing areas (I 2

Definitions and values for VIC/To VIBT/D. VIGT!,

(a) WMS subsystem produces little or no perceptible vibration in

addition to background level on vessel (VI C//* VIB T/, VIG T/D ).

(b) WMS subsystem produces perceptible vibration, but similar to vessel

background (VIc/T,' VIB T/D, VIGT/D = 2).

(c) WMS subsystem produces abnormal & disturbing intensity and/or

frequency of vibration (VI /T, VIBT//D, VIGT/D 4).

WMS/vessel data is given in the form:

I/Vi_ C/, VIBT T,/ VIG T/D.

I Not vessel dependent

SVessel dependent

160

I



"EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

MA V - HABrTABILITY

7 Effect of WMS on user housekeeping routines'

Ettectiveness Rating Function RWMS Min (RC/T, RB RGT

ng RWMS - Rating forV AiS
R - Rating for (black water) C/T subsystem

RB - Rating for black water T/D subsystem
T/D

RG - Rating for gray water T/D subsystem

Data given in the form (not vessel dependent):

zCAZBT/ , G.~, Attributs

R RB RG Ratings So c° Wo CDa

0_______ b C/T T/D ' T/Di ?.ISO w,.s WwN 5
______• AnaL btram,. Cou

A ibute Anal. AnaL.Aclzibute (Continued) "

Effectiveness Attribute Data and Ratings for Viable Syitqm/Vessel Combinations
WMS GALLATIN VIGOROUS I FIREBUSH PAMLICO. WHITE SAGE poinT HERRO

# (378') (210') [ (180') (160') (133') _ (82')

1 ___ a, a , a OO too
2 6,__ __ bba 0 _ __ ____N A

3 N A 6,b 1 0. a___ 0_ N A

4 N A a-, a• a N A

5 N A N A a, aa 10N AK6 N A N A a,: I, 0 N A
7 N A a,a, 100 N Al

8 N A N A ., •, a (00 N A_ _

9 a,__ , a O00 _-

10 a, a, a 100 N A, A

N NA a, 0 _

12 N A N A a,,aa 100 N A

13 N A N A a, a 100 N A

"14 _., a, a 100 _

a15 a, aa _00_ N A

16 a,_6, a. 0

17 N A N A a,o,a 100 N A

18 N A N A aa, 100 N A

Aibute DataJ Rating W.A - Not a viable sy.emvm.i. combination 1 I

I4



V-7

Definitions of ZT ZBT/D' ZGT_ -

(a) WMS subsystem characteristics have no effect on user housekeeping
routines. Applies to CHT, JERED, and Grumman. (If a very large
amount of detergent is deposited in the CHT, some foaming may result.)

(b) WMS subsystem characteristics have an effect on user housekeeping
routines. Applies to the Chrysler and GATX MSDs.

NOTES: 1, Detergent should not be dumped into fixtures associated with
the Chrysler C/T and T/D subsystems.

2. Detergent is very likely to cause foaming in evaporator.

1-6
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EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M/E VI - RELIABILITY

I Failure frequency index for WMS (relative)

Eztectiveness Rating Function 100 o- I

Riv(%) - tatdng (%) of i1h viable candidate WMS on vessel v

100 --I Fl, - Failure frequency index of ith viable WMS candidate on ves~el v.
Fi is the estimated number of failures based on projected WMS

utlligatlon

Mv - Mnmum value of F17 for aU viable WNVIS candidates on a given vessel v

?ADchs of~
0 •A FU •UL LwAU. Cgs

100- !00 IA l.I Aul.

"Effectiveness Attribute Data and Ratings for Viable Systqm/Vessel Combinations
WMS GALLATIN VIGOROUS _ FIREBUSH PAMLICO WHITE SAGE IPOINT HERRON

(378') (21') (180') (160') (133') (82')

1 7. 9 24 94 10 96 14 84 10 115 891 5
2 6_ 88 30 92 20 93 26 74 24 79 N A

3 74 87 N A 21 93 26 74 24 79 N A

4 44 92 N A IS 94 27 73 15 34 N A

S N A N A 23 192 4 76 14 97 N A
6N A N A 'Z3 92 14 76 15 86 N A

7 44 37 N A IS 94 Z7 73 1; 8, N A

8N A N A 26 91 '24 76 12 89 N A
9 547 3 396 1 259 13 83 17 105 5 47 0

10 .!__ý 0 -31§'0 (ýiO 0 (-i-oaN, 0 -11~i v o N A

11 562 0 NA 264 8 8 14 10 5 (47- 0
12 N A N A £71 3 96 4 109 2 N A

13 N A N A 268 4 93 7 109 2 N A

14 197 1 5 110 117 46 ý4 39 61 61 45 is 62
is Zv3 64 119 70 64 76 56 44 6-7 40 N A

16 21) 62 1.3 7.: _ Z 4? 54 62 b Z 4 62

17 N A Nj A_ 5 79 5k 49 65 41 N A
N A 4 - ho b 51 bn5 ,n41 N A

Attribute Da& -atln NIA Not a viable rjiemz/vene1 cambinadiin 163



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M1.,E__ _ _ VI - RELIABILITY

21 WMS complextty

Eftectiveness Rating Function PLCj) F100 - --- (Cl - 4) 4SCi _20

C1,, / 0r , CIT + CIT T/"

-f .t.a R, (7C) - Rating (et.) viable candidate WLS (independent of vessel)

C!. - Comple-tty index of tth viable candidate (independent
of vessel)

- Complexity index of WMS (black watex) Collection/"" C/T Transport subsystem based on a complexity ranking.

C- - Complexity Index of WhVM black water Tteatnent/
IT/ Disposal subsystem based on a complexity ranking.

CIG - Complexity index of W\MS gray water Treatment/
rID Disposal subsystem based on a complexity tanking.

M - Maximum value of Cl for any WNLS (independten vessel)
2 (5) + 5 + 5 -20 - ) t

N - MinimumvalueofCl=2 ÷+I+I4 |Wo wM wu.s
SN = 4 Cl - M=._,0 z Data given in the form (not vessel dependent): |na. Ixtall. CO-N 4CW-0C ICI I C/ LAfti. A W,.. -

: CIC/T, 1 CT/D, CITID[ /|.

Effectiveness Attribute Data and Ratings for Viable Systqm/Vessel Combinattons
WMS GALIATIN I VIGOROUS FIREBUSH PAMLICO WHITE SAGE IPOINT HERRON

S(378') j (210') (180') (1601) (,13.) (82')

1 ~ ~ ~ ~ - T____ ___ 100 __________

2V3.1 63 N A

3 ~ NA aA L 5G _ _ __S.. .. N3,4.1 5N._h A_ _-

4 N 2,5,A 63 _._-•_N A-
s5 N A N A Z'' 3s _- - N A

6 N A N A 1.1,5 75 N A

7 N A 2,5. 1 63 N A

8 N A N ZA.5, 38 N A

9 5,1,1 50 _-

10 5,53.1 38 N A

11 _NA 5,2.1 44

12 N A NA ,,5 1, _5 25 N A

13 N A NA ,5,5 0 N A

14 4, 1,1 G3

1s431 _ 4,3 0N A

16 4,, 56

17 N A N 4. 1,5 31a _ N A

18N A N _A4, - -13 N A

Attribute Data- 4- Rating N/A - Not a viable ,ystern,/vssl combination 4

L L;
- F . T i....



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M/E VI - RELIABILITY

22 " Extent of WMS configuration redundancy

EVtectiveness Rating Function t ,Z o

Z6z Xz 3 Z9 +2 ZGC T T/D T'/D
100 - - -- Rivf0) -WRing(•) of itt viable cindldate WMS on venel v

Z - Cook uatzion redundancy index for WMS
Z - Configuration redundancy index for (black water) waste

C collection pordon of WMS (a. e.. more than one commode)

Z - Configura'-on redundancy index for (black water) waste
Transport portion of %V'M"

za - Configuration redundancy Index for WMS black water T/D7-T/D" m~~
su ~bsystem

ZGT/D- Conflgwadon redundancy inde- for WNMS gray water T/D
/ subsystem S

aNd - Maximum possible value of WSD wM W

"z ,( Anal. Anal.10 ~(Continued) V-

""EffectIveness Attribute Data andRatings for Viable ys-t lm/Vessel Combinations
W MhS GALLATIN VIGIotoS I FIREBUSH PAMLICO WHITE SAGE jPONT HERRON

# (37R (2 1 B') (180) (160") (133') ___ (821)

a, a; a a,0 ral,(I Ici a uc ~!0" tOal 100 a,4alck4 100 Calafaa 100 a. alaI .b FC,
I___-.______ ___'____o ___

2 a, c.ij a !00. a io-oj,, _.__ Z o -1.. 61616 a, 61bb1 a .20.O , 66lb a 20 N A

3 - r\ A .161a 20 a,.661a 20 a 20 N A
4__ ..... i6 70 a, 1, 1a,1 70 a_, _/__ _ 70 N A__

5 11a A <(Y t , A 1a alala 10010 aa t616 50 a. .Ll,, 50 N A

., a, a io o I00 a,[a i 6 go a, N Ao

7 a.a. I 00 N A Oaajla 70 aaI•a 70 3 l, a/l.a 70 N A

8 N AN a a!a 100 a,/hlb a 5 <, al6o/• 0 N A

9 2, alaa 100 aafl100 a, Lila at i100 _ , Wola 50 a, 61Lila 50 a, b/ala 50
10 a,aitiia 1001 a. alb 610a 7 ctaolbl~ a Q ioa 20 a, 6Ubi 20 N A_

I ,1q7I al a (001 N A a,,ala I 00oo a, 6l /ca 20 16, /la 20 cal 1bfa 2o

12 -N A N A Ia,ajaja 100 a, 61o/b 30 0, b/6b 0 N A

13 N A N A aalalb go aob,611 0 c,, 6b1/6I 0 N A

14 a,aialaI 100 a~a/alai 100 Q, alalia 100 a, ai/ a/ 100 Q, /alaa 1 00 cl, a! Id- 100

15 aal 61 70 aaI16Ia 70 a, ct!61a _a _~Ljbja _2 a, 46/a 1 70 N A-

16 a,cxj.,/i 100 a, a ja Ia 1001 QIa4, a tal 10 a a/b/a 70 ct, c*Il6I1c- 701 aia Ibia 70

17 N A N A ca, cja/a 100 ck, a/4b 6 a t a'/ a16 801 N A

18 N, A N A a, alol 6 80 a, c 166 5o a. a1611 50 N ýA

Attibute Daia- 4 ~ L-Aa.itiog WA - Not a viable "e£ylea/dm com~bination l- L



VI- 22

Data given in the form:

zC. ZT/ZDT/D/ZG T/D

Definition and values for ZC. 'zT ZBTPD.ZGT/D

(a) lTere Is configuration tedundancy. i.e., failure of any one equipment will , .esult in dte failure of

the subsystem (ZC, ZT, ZUT/D, ZGT.D 1).

(b) There is no configuration tedundancy, I.e., failum of one equipment will result In the failure of the
subsystem (al1o applies if no subsystem available. e.g.. a holding tank with 0 capacity).

Note: 
(ZC. ZT . ZT/D' ZGT/D C 0)

In determining subsystem redundancy. the following criteria were utilized:

Collect•on Subsytem

. All ships with two (2) or more commodes are considered to have coUecrion subsystem redundancy.

Transport Subsystem

* AU WMS with CHT or Grumman treatment/disposal are considered to have transport redundancy.

SAl WMS with Chrysler collection are considered to have tiaosport redundancy only if two or mare

Chrysler systems are specified (since failure of treatment subsystem result in unavailability of

purified oil for flushing).

* All WMS with GATX colletion are considered to be redundant only if two or more M/T pumps

am specified.

* All WMS with JERED collection ame considered to be redundant if one (1) or mor=e large boat VCT's

are specified (two pumps for each large boat VCT) or two (2) or more small boat VCT's ae specifled

(one pump for each small boat VCT).

Trcatrrmnt/ML~sgoa Subsystsm

. All WKS with CHT subsystem frt black/gray water amc conidered to have redundant T/D subsystems.

SAll WMS with Chrysler treatment subsystem for black water are considered to have tedundant T/D

subsytems only If two (2) or more Chrysle units are specified.

All WMS GATX treatmeut subsystem black water are corsidered to have redundant T/D subsystems

only If two (2) or more evaporators are specified.

All WMS with Grurnman treatment subsystem fur black/gray water are considered to have redundant

TID zubsytcrm only If two (29) or more Grumman units arc specified.

* Ali W with JERED treatment subsystem for black watar are considered to have redundant T/D

subsysterms only If two C2) or ianre incfne ato, are specified.

1 tbb



EFrECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M•/E _VI - RELIABILITY

23 Extent of WMS equipment/com.-ponent redundancy*

Effectiveness Rating Function Rt(%) 10 Z 0S Z < 10
RA ig rx)

Z =5 Z 3 ZB + 2 ZG
--------------- C/T T/D T,/D

Ri(%) - Rating (%) of ith viable candidate
WMS (independent of vessel)

Z - Redundancy Index for WMS
Z - Redundancy index for WMS (Mlack

Zc/T water) C/T subsystem
Z RT/D ndancy index for WMS black

water T/D subsystem
ZGT/D- Redundancy index for WMS gray

water T/D subsystem
(Continued) Mw

0 . * Any redundancy in electronic
circuitry is not considered. ,n {

E-- .. ffectiveness Attribute- Data- and Rating; for Vta-ble Systqm--ivss-el Combinations

WMS GALLATIN VGRU FRBSH PAMLICO WHITE SAGE IPOINT HERRON
# (378') (210') (180') (160') (133') (82')

1 ____ __ _____ __ a, a,a. tOO__0
--2 a, 6,, a 70. N A

3 _ N_ A a. ba 701 N A

4 N !A a. o,_ 0 100 N A
3N A N A aa,a 100 N A

4 N A N A a a. 100 N A

7 N A aa 701 N A

_ _ _' N a, 6,6 5 N A

9 a,_a._a 100

10 _.6, 6__ -N A

11 N A a a, Lt - -

12N A N A A, a. a 100 A

NiA a,b 0 N A
- ~ ~ C , Oi . ....e , a, :O00 i17 N A1 __ _ _2• 00 _ __

15'_NA __ _ N AO

I NJ A I., o N J A
._ .R



VI - 23

Data given in the form (not vessel dependent):

ZC/T r ZBT/D ZGT/D '

Definition and values for ZC/T' ZBT/D. ZGT!,

(a) There is some significant redundancy in the WMS subsystem's major

components CZC/T, ZBT/D, ZGT/D 1)

(b) There is no significant redundancy in the WMS subsystem's major

components (Z ZBT/D ZG =0)

168t



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS
•" M/EVt - RELIABILITY

24 Degree of equipment failure Independence*

1ou

Effectiveness Rating Function RZ(%) --- z O-Z S28

S- 2.s4 ZC/T +2 ZBT/t, * ZGT/D

-too - - - - (%1 - Iating (1) of Ith viable candidate WMS (Independent
of ve-el)

Z - Failure ldeppndance Indcx for WMS
Za - Failure independence index for (black water) C/T

r CIT sublysem
ZBD - Failure independence index for WMS black water

TA) T/D subsynesm
ZGTA) - Failure independence Index for gray water T/D

subsystemn
M - Ma4mum pooble value of Z-4x4•2x4*4 28

e I.,. fallure of one item will not result
in failure of major component or sub- -_

oSystem. AWal lWksl Cm0 AvAL ZtnM1 coo
0 Z -28 (Continued) Amt. An•,t

'Effectiveness Attribute Data and Ratings for Viable Syst4 mi/Ves.Jl -Coumbinations
WMS GALLATIN VIGOROUS [ FIRE1BUSH PAMLICO WHITE $AGE POINT HERRON

# (78') (210') (180') (160') (133'-) (82')

2 a, - ,b 79 N A

____4 N A a,c,6 64 N A

+ 3_ 
N A ck 6,_7 

N A

5 N A N A a. r,c 57 N A

66 N A N A a,b,c _7_ N A

7 N_ .- A ar,6 64 N A

A 8 N A N A a-CC 57 N A

9 c.6,6_ - 21 _ _ _ __ _ _ _ _

1 10 _,c__ L N A

11 N A C, 6.6 21

12 N A N A c, 14 N A

13 N A N A cIcIC 0 N A

14 6,t6 !5o ____ __

15 C. __ A

16 6,. 50 _ _ _

17 N A N1A bb,C 43 N! +A l N A 6A b,c c ,. N A

18 N A NJ Al bC.C, JX? ___ N HA
Artbute Data§ RaUng N/A - Not a viable system/vemel combination 1 0 9

Iu t:_



S- 24 . •-

VI -24

Data given In the form (not vessel dependent):

ZCCA, ZBT/D ZGT/D

'Definition and values for Z/T ZBri,., ZG
T .-- T/D

(a) There is high degree of equipment failure independence in WMS

subsysten (ZC/T, ZBT/o ZGT/D 4)
C/T' T/D

(b) There is a moderate degree of equipment failure independence in

WMS subsystem (Z c/T, ZB T/D ZG T/D 2)

(c) There is a low degree of equipment failure independence in WMS

subsystem CZc/T, ZBT/D, ZGT/D 0)

170
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EFFrCTIVI:NESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

h/E VI - RELIABILITY

25 Adequacy ot WMS equipment ratings

Effectiveness Rating Function R 1(%)'.-j• Z 0_Z_70

Z-4Z +2Z +G

100 Z4 ZC/T ZBT/D ZGT/D

R(%) - Rating (%) of ith viable candidate WMS
(independent of vessel) <1

Z - Equipment rating index for WMS
ZBc/T- Equipment rating index for (black water)

* C/T subsystem
ZB T/D Equipment rating index for WMS black

water T/D subsystem

ZGT/D- Equipment rating Index for gray water
T/D subsystem g -•t if ]

3D- WNU• w.tS
0 -. _ M Maximum possible value of A"*: Iri,,, C"

,,-lu Z 4(10)+2x10+1'0,-70 Anl. A•al.

Contioued. - .

Effectiveness Attribute Data and Ratings for Viable SysttMr/Vessel Combinations
"WMS GALLATIN [VIGOROUS [ FiREBUSH PAMLICO WINTE SAGE POINT HERRON

# (378') (210-) (180') (160') (133') I (82')

1 6_•,_b 80 1_

F2 _ _ - 6 N A3 A 6c,b 63 N A
3 N A b.C,, 63 N A

4 N A b,c,b 54 N A

-6 N N A .6,bc 71N A
7 N A b,c,6 64 N A

8 N A N A b,,c 54 N A

9 6., g0o ___ ___

10 -,- b,b,b so ___ - -N A

1 N A b,bb go - - -

12 N A N A b,C 4 N A

14 6,6,6 So
l0~6 b,b~ 80 N A "•

l N A N A b,b,c 71 N A
13 NI A N_ A _,b_ _ N A

__1 ____ ______ ______ N 0 _______ N A
tN A ... bm ,b~c !7i - -N A

18 N A NA b,bC 71 ___ N A

At'bt il-4 - In / o ill yt.mvme com2hL j'z~z1 1oTT 0 .1.



VI- 25 (. .$1

Data given in the form (not vessel dependent):

zc/TBT/DI ZGT/D .

Definition and values forZ ZB ZG
-__ _ _ L/,

(a) Most WMS subsystem equipments are overrated

Z ZBTD. ZGT./D -10)

(b) Some WMS subsystem equipment ratings are nominal, some are overrated.
- (ZCAP ZB/. ZGT/ U )",' • : "•'

-(c) Some WMS subsystem equipments arm underrated, some are nominally

rated (ZC/T# ZB ZG
C/ -JT/Da 'T/D

(d) Most WMS subsystem equipments are underrated

(Zc,, zRT, ZGT/D -0)

CAP Z12

172 i :



ErFI[T:C1Vi:NrSS RATINGS rFOR ELEMAENTARY rACTORS/SU5BrACTPoS

NkI C ..... V1-REL2ABIIITY .' I
2 Provions for fault t.ctuatid cut-off mechrnss for WMS protection

ExlCtiv.t!enss RotwkIj rulCiO!'oif R1 C59a) -Tj 7 :Ti

v, C, . /4 . 2/ T ID Ti D)

P(5)- Rjtiqb' ("t.) of ith kiable candidato WVMs (independeat of veasel)
SZ. fault Acntat•d cut-off niechianism Index for WM.S

z Z - Fault actated cut-off inechawsm index for (black
- -. C/T watetn Collection/Transport suabsystem

0 .Z - Fault actuaed cut-off muechaninim Index for WNIS
T /D ýack water Ttearment/VDIq•u subsystem

.ZTiP - f'uui actuated vut-off •ech•a•itmnindex for gray
waitc Trcatment/Vlsposl subsystem

1':....$4 - Maximum possible value ofZ -4 x 4 '2 x 4. 4 28

i &w given In the forin (mit vessel dcpen©lent):

z O'T' zBT/D' Z'G T/D

'A -. -1w,411._ Cox
0X 8(Conrlnluti~) L PAI.A nat.

Effi~e esstibiuto Data and ýatings for Viable Ssq/esel Combinziions
WMS GALIATIN 1VIGOROU1S F'IREBUSH PAMLICO WHITE IAIJrdT HERRON

(378') (210') (180') (160') (133,') I (82')
1 .. . . . .._ a~b, b '9 __ _ _ ___ _ _ _

2 b__ 
- _ L .b_ _ V

S -9,6,b 79 N A
3 N A a,6,6 79 _N A

4 NA NA -a,6, ,h - N A
5 N A ] N ,A a,6,6 79 N A

-,~b 79

7 N A a,6,6 7 N A

SN A N A C. " "; N A

S 9 _ __6,6,6 _

10 bOL, 64 N A

I1 N A ,,b So 0

12 N A N A 6,_6 _5o N A
13 N A N A 6,b 64 N A

14 c., 21

is C a, 36 , N A

17 N A NA A ,6,6 21 N A

18N. A N A~ ca, 6 36 N___ ____A

Attrbute Dau J ating /A - Not a viable oytesn/ve•ael combination 173 -



VI - 26 Z

Definition and values fo~r ZcAP ZB Tjý 1Z T,/D

(a) There are many fault-actuated mechiantsms in WMS subsystem, or they
_. ~~are not required t (Zc/,ZTD ZBT , 4)

(b) There are some fault-actuated mechanisms in WMS subsystem

,C• ZB zT/,,. z,,-3 2)

(c) There are no or almost no fault-actuated mechanisms in WMS subsystem A

(Zc/T' ZBT/D* ZGT/D ,0) M
J

--- Include mechanisms to:
(1) Alert operator/mdintatner to high stress or abnormal condition that

will result in failure.

(2) Correct those conditions or turn off equipment.

E.g., standard commodes and urinals in a gravity drain sewage collection
subsystem do not require fault actuated cut-off mechanisms.

174



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M/E VI - RELIABILITY

:3 Reltlability riskfor WMS"

Erlcctc venox:s Rating Function 100') 00oo .1 ... .

!ang

Z 4 4Zc/T + 2ZBT!D +ZGT!D
-O - " - -C /fT/_T/

R(- Rating (%) of ith viable WMS (independent of vessel)

Z - Reliability risk index for WMS
ZC/ - Reliability risk index for (black water) C/T subsystem

ZB - Reliability risk index for WMS black water T/DsT/D ubsystemn

ZG Reliability risk index for gray water T/D subsystem

M - Maximum possible value of Z - 4x4+2x4+4 -28
N - Minimum value of Z - 4+241 - 7

&4D WING VAS
0 N-i M-2 - * Innovative design, experience, iAnL til. Cow

etc. Anal. An&L,

(Cont'd.)

Effectiveness Attribute Data and Ratings for Viable Systqm/Vessel Combnat ns
WMS -GALLATIN 1VIGOROUS, FIREBUSH PAMLICO WHITE SAGE [POINT HERRON

# (378') (210') (180') (160') (133') (82')

2 ' - (• a 100 N A__ _-

3 N A . 71 , N A

[ 4 .- _ N A •t 7 j _ _7N A

S N A NA atý6l 57 N A

6 N A N A .a,ao 6. 6 N A

7 N A _.__ 71 N A

9 4. , ll 10 0 _

10 __6,a 71 _ _N A
11 00N A .aeA O_0
12 N A N A a.A,6 86 N A

13 N A N A , _7_N A

14 aa 00 _ _o

1 5 _ a , _ _.ll 7 1 N A
16 _ _aa 100
17 N A N A ,a, q6 N A

18 N A N A a,/,b 57 N A

Auihnz*te DJ DaaRati#g - N/A - Not a viable rystam/v.mal cambialon 175



Data given in the form (not vessel dependent):

C/T. ZBT/D ZG D

Definition and values for ZC*r ZBT, ZGT,. .

-(a) WMS subsystem has a history of fair or better test results

(Zc/T' ZBT/D ZG 1)
TD T/Dm

(b) WMS subsystem has a history of poor test results

(ZC0 A. ZB T/D ZGT/D w-4)

(c) No test results are available for WMS subsystem

S(Z C/T r Z BT/D I ZGT/D 3 )

1;
!17



El'ECTV[:I:S3 xIINCS FORs ELEAME:NTARYFC~rS~t1WCQ~

VI NMAINTAINABILITY ___

11 LPrequency of V%,'M coritrbctive maintennnce ((CM) aolions (fathire trequency-rolative)

ht, NJ

IVw)-Ratiko (ý.,) of ith miablo .. tnjiatr wmsi on vencd v

10,1 R.i B1- 13 kdf AttAh lu.Il 111imit'i of rcp~lrs (at Ltil .tI ir
VOIKI on o l std 4 projected W.MS 11lu~atnM.

Y.11

0 r%100

- ffieltiveness Attr-tbute Dtaand R~at ing s for Vi 0-_SII/
WMSj GALLATI N [VIGOROUS F'IREBUSH 1PAMLICO .WHITE SAGE: POINT HERRON

*(378@) (210.) (180') I (1609) (133') (82-)

1221 9k 4 94 10 96 1~ i. 4 110 91 5 ~

2 69 39 0 92 20 53 26 74 2-4 189 WA

3 74 87 N A 21 93 2i 14 24 7% N A

4 44__ 92 N A 1__ 94 2 7 73 15 8ýN A

S N A N A 23 92 z 24 76 4 $ N A

6 N A N A 23 9Z 24 78 7 4 N A

7 ___4__ 92 N A 29 9 :7 7. A~ ~ N A

N NA N A 2.4 76 t 2 N A
9 547 3 3.96 1 2 S9 8 9.4 17 105 5 47 0

ia~0 .399' 0 280' 0 1 Oo" C) W~ (I

11 6~2 0 NA0 2bL __ _ 14 106 417

12 N A N A 27 __ 09 2 N A

13 N A N A 1 £68 4 93 7 log 2 NA

14 117 65_ 110 7Z. 46 94 39 61 tl 45 $'
is 203 674 1 19 70 6 Th7 10 344 4o N A

1122 2 ¶3 72 52 4z 58 &2 44 iS

17 N A N A 5 19 1. 48 5s 41
18 NA A 355 8 49 51 ¶ 7 j

Arrzhbute Dag&- R~ating N/A - Not a vlable tystwn/veual cornbinauon 1 77



EFFECTIVENESS RATINGS fOR E IXML2NTAI•Y FA CTORS/SU BFACTO[1S

IM4/E VII - MAINTAINABILITY

D Mlai-hour aind skill level requiremet.ts for WMS CM actions (relative)

S£ttw,.tiveness Fating Function 10a7•) =1o - 100 °-c t ' 1.

RP, ivý) - Rating ('C) of ith ,iablr candidace WIAS on V,,sCI v

CML1  - Esnn.ated annual CM labor cost ($/Year) for ith viable
candidate WMS on ve-ssel v based on projected WMS
utilization

h, - Maximunu value of CiI1 for all viable \"M1 candidaics
for a given vessel v

0 xh Dc~ WO0 •_ 1

0 C i 1 100 An~al. Anal.

Effectiveness Attribute Data and Ratings for Viable Systqm./Vessel Combinations
WMS GALLATIN VIGORObS FIREBUSH PAMLICO WHITESAGE POINTHERRON

S7(378') (210') (180') (160') (133') (82')

1 174 94 9s 9 94 33 9S 55190 39 92 230 90

2 63Z- 78 257 83 240 66 228 58 240 51 N A

3 642 78 N A Z40 45 233 57 242 51 N A

4 IZq 96 N A 59 97 S9 84 57 Bf N A

5 N A N A 69 90 79 86 54 39 N A

6 N A N A 69 90 79 6 57 88 N A

7 154 95 N A 74 90 125 77 73 85 N A

8 N A N A 113 8j. 116 79 6_ 86 N A

9 1358 54 979 35 611 14 199 66 172 65 97 67

10 1440 51 996 34 650 9 236 57 192 61 N A

I1 1419 52 N A 634 1I1 207 62 179 64 99 67

12 N A N A 641- 10 223 59 194 63 N A

13 N A N A 685 4 250 54 194 61 N A

14 2$68 2 1483 Z 63? ,o 497 I1 471 4 295 1

1S (Y93 0 1500 I 67% 5 534 3 491 0 N A

6 2990 Jý7\ 0 662 7 505 8 478 3 2i97) 0
17 A94 N A

1NA N A (,7T) 0 e) 0 o N A

Arrdbute Data-- Rting N/A-. Not a viable ,ysterm/veisel combination 178

• ----- -• i,"=,*w ! - .i - . .... . ... .. ' " -- • " r - •+-w-r• -- -: ... ... . .. . . ..



£FFECTIVE:NESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M/E VII - MAINTAINABILITY

13 1 Accesstbtity of replaceable WMS components

Effectiveness Rating Function 00
Ra ing iý'o)- -

AF= I x A

A - •AC/T + 25 T/D' AGT/D
l Rlv(e) - Rating (5.) of ith viable candidate WMS on vessel v

AF- WMS and installation acc4lbilUty factor

I Installation index (for accealbility)

A - WMS accessibirity index

A C/T- Accessibility index for WMS (black water) Collection!
Transport subsystem

ABT115 Accessibility index for black water Treatment/.
Disposal subsyltem-

A -.T/6 Accessibility index for WMS gray water Tieauinenc/
Disposal subsystem ,ourte of I[J)A,

"M - Maximum possible value of AF N wy vn, 'S
1N.6 M.& AF 4(3x 4 +2 x4+4) a 9G AnlTran.i. CoIs6•[ Anal, | An-i.

N - Minimum value of AF a 1(3xl+2xl-l) = 6
(Continued)

Effectiveness Attribute Data and Ratings for Viable System/Vessel Combinations
WMS• GALLATIN 1 VIGOROUS I FIREBUSH PAMLICO WHITE SAGE POINT HERRON

S44W (378')(210') (160') (133') N (32')

1 87 b! 27 b61.,b,b 6 7 b/ S7 a/ 9 c 67

2 b go bl 2o b/ b,b. 6.bb OO bJ Vo so N A

3 s N A 6/ 6,b,b 6 So0 go. c 53 N A
4 6 78 N A 6/aC.. 7 8 c/ 49 b/ 72 N A

5 N A N A b/a,.c, 73 6/ 73 Li 90 N A

6 N A NA / a, 6, C 192. / 1. ?_a 94 N A

7 7L N A L/a, c,b 79- 6 78 a/ 92 N A

8 N A N A / a,c.c 73 b/ _3 a! 90 N A

9 b/ 67 6 67 b6 c, 6, b 67 bl 67 al 97 c/ 27

10 b ! 67 6 67 6c, 6, b 67 b/ 67 ca 27 N A

11 i 6f 58 N A 61 C,C,~ 6 8 hI __ 58 cy 82 C/ 9
12 N A N A 6/c,b,c 62 c/ is bI 62 N A

13N N A 6bc, 6,c 62 / 62 a/ 84 N A

14 b/ 67 6/ 6 7 b/c, b,b 67 6/ 67 ! g 7 C/ Z7

15 1, 67c72 ,/ c, bl6 67 6/ 67 6/ 67 N A

16 161 58 c/ 9 6 rC, 6 58 6/ 5 8 CL/ 22 q9
17 1 N A N___ A 6/ c/b.c 162 6/ 62 bl 62 TITA

18 N N A l c,b,c162bl 626/ ____N A

Attribute Dataj 4- Rating N/A - Not a viable system/vessel combination 1 79



VII -131

Definit, ns anr1 values for I

(a) High degree of physical clearance around WMS equipment (I 1)

(b) Moderate degree of clearance around WMS equipment (I 2)

(c) Jery tight, i.e., very little clearance around WMS equipment (I = 4)

Definitions and values for Ac/T , ABT/D, AG
C~r T/D

(a) High degree of accessibility in WMS subsystem (A/, ABT/D, AG - 1)
C/T TD T/D

(b) Moderate degree of accessibility in WMS subsystem

(ACT, ABT/D, AGT/D - 2)

(c) Low degree of accessibility in WMS subsystem

(AC/T. AB Ti, AGT/D = 4)

WMS/vessel data given in the form:

I/ A C/TAB T/D' AG T/Dý

LO-Not vessel dependent

[ve ssel dependent

180



EFFECTIVENESS RATINGS FOR ELEMENTARY I'ACTORS/SUBPACTORS

"M VII - MAINTAINABILITY

132 Extent of WMS modularizatLion for ease of rej~aIr/replacement
Ettectiveness Rating Function RWM M.Mn (R/ RB RGT/D)

Rhd 8 rgo) .MS .RaingforWMS

, a RC/T - Rating for (black watex) C/T subsystem

D- Ratig for black watcr T/D subsystem
SIKT/ Raing• for gray w~tez T/D subsystem

7 -0 - b Data given in the form (not vessel dependent):
SZa Z T/D Attribute Data

?/TITD T/D

R9) WG Ratings
RCIT TlD T0

"T• I Definitions of Zc/T. ZOT/D. ZGT/D
-to CIT TI T/Da

D] c (a) High degree of WMS subsystem modularizadon WD w.f WIS

Attribute " (b) Moderate degree of WMS subsystem modularizatlon APA Ualall Cot
Anal. Anal.

(c) Low degree of WMS subsynem modulanzation

Effectiveness Attribute Data and Ratings for Viable System/Vessel Combinations
WMSij GALLATIN VIGOROUS FIREBUSH PAMLICO WHITE SAGE POINT HERRON

*(378') (210') (180') (160') (133') (82')

1_ a, a.,b 70

2 _a,ic, 6 70 N A

3 N A a, .. 70 N A

S4 N A OLb 70 N A

5 5 N A N A a.b,b 70 N A

6 N A N A a.,b,b 70 N A

7 N A ab, b 70 N A K
8 N A N A a,b 6, b 70 N 1 A

9 6c,b6 0 _

10 6__, b 0 N

11 _ _ N A cct, 6 0 __

12 N A N A cb,b 0 N A

13 N A N A c,c6 0 N A

14 b, b, b 70 __

is6 ___bc,b 0 o __ N A

16 ___,_ __ a, 6 70 _ _ __ _ _

____ _N A N A 5,b,b 70 - N A

18NJ A N A 6,C___ N A

Attribute, Data-+ . RatUng W/A -Not aviable syitem/vessel combination18S_ _ ,__ _ _ _ _ all



*1

EFFECTIVMNESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

W/E VII - MAINTAINABILITY

133 Degree of WMS repairability* on board vessel

EttectLveness Rating Function .... 'w. Md
Raung ('t')

PA"~4 Utug W)4

lkoT -Rd o b~ as / bylr

too a - I3lAd fgg bt,, watw I/D subsyto._

w IP, " aG% flmSy wav Ter VP msyscom

-.- -- b Data given to the form (n•ot vfiacl dependGnt):.

(b) some W mthrym Issnu a m mAiuabl. *a vem, l-

$me mum be ml•apk.

(a A NO r~m Imal m mm be mU c*h 7~M4. MSD WM WN&S
- - AnL WUMa.Sll. Cox

Afttlbute I w. -• e paaow .a AI a0,(the e,•edpmr , A a), , AnAL

Effectiveness Attributo Deta an Raitings icor lae ~yst 4 m Veesel Combination$
WMS GALLATIN VIGOROUS FIREBUSH PAMLICO WHITE SAGE ]POINT HERRON

(378') (21 ') (180') (160') (133') (82')

2..... a, a, a IQQ N A

3 N A a.6. 0 a N A

4 N A bb. b• J N A

5 N A N A b,h, 20 N A

N A N A a,,a, 6 _ .N A

7 . ... N A 6,b 0 N A

8 N A N A 6,bb 90 N A

9 __ _ _ _ b, a. 80

10 6.-b, ab so N A
11 -N A 6,6, a _0

12 N A N A 6,a, 6 s0 N A
13N A N A b6,b, 50 ____ ___N A

14 a,a, 100 a__

15 3,___0 N A

17 N A N A c•,a, b go N A

Atuibuts DAtaJ 4..RAuns N/A - Noat A Viable syttr/ vessel cornbinliton 1t



ErrECTIVENESS RATINGS FOR ELEMENTARY FACTOP1S/S)UBrACTORS

M/_ VII - MAINJAINAflJI1Y--

134 1I33iflabItlty of manufacturer field arnd training programs for WMS

Ettectiveriess Rating runction . C/T"/D /0

RAI~g (0,) 'W1ha - Rat. fo MD& ~ MAS~Atdasa Sn~ppnif Av.11abltUy

RC - Pidi for :black Water) CIT subsystemi 7

a35 -Radns kw black wacwr TIP vustww CSý T: o

100- "TI1 GAIX T N

-- bZG\ U tao Cria~ Was pmoided by MWnu-
75 -- C jT 'I/D Ir/DJ wbi facwurar.

111 T/) Rating AUl other data was supplied by te C.GA

C ~(a) Manufacturer CA d supp-vi and a training "4'tramn Is available..
2B (b) Linuactura~w. flawd ttpe a. isaailable but no CrAining poram

Is Available.
(c) Manufacfturr ftainill prollran i ,Available buit fleld 3Iuppof

0. (d)lur Neith er fadsuport no rafloln pregt*m are Ava~llbI. ft W W I

MaUy Icld s MicUlled training SUP~ort during IUA

___Effectiveness Attribute iaaad PaltIl-sfo-r Viablu Systipm;/Vessel Combi nations
WMVS GALLATIN VIGOROU FIEUSI! PANILICO WHlITE SAGE IPOINT IFHIPRZ5N

____ (378') (210') (0180) (160'),(3' (82')

A ct__ __ CL, CL_ 100 _ _ _ _ _ _ _ _ _ _ _ _ _ _

2 -- _,_ 6,__ b cb 75 A_

____N A b b, a 75 N_ .J
4 __ N A 6,'A a 75 NiA

5N A N A kb,6,b 715 _-NA.

6 N A N A a-,a,6 75 Nd A

7b _N A 7½ 75 N A

8 N A N A b,b b 75 N- A

9 _a, a, a 100 _ _--

10 a,___ a,__ ai3.O 100 _____N -A

11 I_ N A ab 75______

12 N A- N-Aa O, a, 6 75 _____ N A_

13 N A N A a, a, 6 75 _______N A

14-- _ -- ~ 75 -

el,. 75 _ __N A__ ____

17N A N-A b, a,b 75 N A

13Ž~ ___2 b, a/b 7 A]
Ati~la DtaHain N.A- Not a viale.¶'5cil/vtvBxl comlInflddoI 1 H33



EFFECTIVENI:SS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M!/E VII - MAINTAINABILITY

141 Extent of sparos stockage required for WMS equipment repairs (relativel

Ettectiveness Rating Function NI 1)-1.00- 10 0
Ra 116~K L 4

RA- Rating (%~) of j!1h ViAble candidate WWS on veassel v

S1  Estimated annual number of spare pau raquier& for
lod ith viable eandidate WMS on veal v based oi projected

WMS utiUtatilon

M- Maximum value of Si for all viable WMS candWatm.
for a giver vesel v

NOTES: 1. Weiglt and volume of spares not conildered.
2. Amount based on MTOF, eithe r, anutacturer supplied -4ý

of estimated.

0 
~ A RM. ] IMIA1I.! COrN

0 00 100 "1. 1t Anal,

" Effectiveness Attribute Data-and'Rating• -••-Vable Syst-m-iVessei Crnbin•tins -
WMS G•.AIA..TIN I "VIGOROUS" FIREBUSH PAMLICO. WHITE SA•"FOI"NTWHEON

# (378') (210')L (180) (160') (13: (2_ ')

1 . 9S 12 21 6 90 1z2 77 6 90 ,._I 9__

2 65 69 25 75 20 68 25 52 19 67 N A

3 71 66 N A 23 63 23 56 19 67 N A

4 35 93 N A 14 78 26 50 1 14 N A

5 NA N A 20 bS 22 58 IC 83 N A

6 N A N A 20 68 22 58 II 81 N A

7 35 _93 N A 14 78 27 48 II 01 N A

8 N A N A 24 b2 23 s5 10 93 N A

9 159 24 99 0 50 21 36 31 30 48 (19 0 o

10 15 24 (9_Q) 0 51 19 37 t9 31 47 N A

"11 143 22 N A 51 19 34 35 30 48 12 5

12 N A N A ('- C 0 50 4 35 40 N A

13 N A N A 59 6 46 12 4 41 N A

14 2.04 92 76 23 34 46 31 40 53 9 14 26

15 Z04 2 76 Z.3 35 4Lj32 38 -54 7 N A

16 ý,200 0 77 23 35 44 42 19 53 9 13 32

17 N . A NA 47 25 5,2z o ( 1" 0 N A

18 N A N A 43 32 42 19 57 2 N A

Arteibute Dfat-. Rt.dng N/A - Not a viable system/vessl combination 184i/I



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTCRS

M/E VII - MAINTAINABILITY _"_:__

142 Spec alI/proprietary *item requirements for WMS equipment repair

Eltectiveness Rdting Function oS•~~tW"Un""•CT' T/D' 'TID.;
IRAdng ('-4

]0•, I~jT -ILL"i ft (btsý.k ýw4f C./T jubyuws :a~ .*c UWar M

Uo UT 0 - Ran Nbac a / e..bsyuta

RO• T -Ring #a $ay water "/D IE btywam 7
S'• - ~Daza given In the form (not venrel dependent): *•

i •~~~wldowl• of Z¢.T zITa ZGT :_

",(c) AU IKM•temrquired• Ox WM5 l4tap "n ake Waia,|l ||@wk

Attibute - -upply pans. A '

Ef'ctiveness tttribute Data 'and Ratings for ViabA- ystAmjvesse] CoAminationsA -

# 1 (378') ! (21o0 ) (18o') (160') (133') (821) ."

I a, a. a 100
2 a,b,• 25 N A

3 N A a, b, a 25 N A

4I N A a A[, a 25 N A

26~ -- -
A 

a oqea m ~trd(~ayW~Snbytmtp~s

6N A N A a, 6, 25 N A7UA I N A o(, ,1 25 N A

8N A N A_ a,6, b 25 N A

Lb~I5Mas•.5

10 ,b, a 25 N A
11N A . 6, ea 25n

12 N V INB A WI 5 N ATH O

1 N AN A b, L•, b 20 N A

24 6,___ a,__ a a 25_____N A

4N b, a 25 N A

S16 b,N a N25 N

67 N A N A A 2 N A

8N A N A 6,6,b 25 ____N A

Am ______ ______ __Ran N/Aa -5 Not __ aibl_____e omiaio 8



EFFECTIlvZNESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M/E VII - MAINTAINABILITY

21 Frequency of PM actions (relatlve)

Effectiveness Rating Function I -oo L, o L< 1. a
U n-nS r..)

J1A

200 SVq(4o Viami a'adl.I W VA 0 o a w T.

S- .An .Mn .Of Wh PM ftGu
W), - ~ Nmjmg 0 - % m &o t tI plafteity0

wj - ft&ay waiot 1w )' psSodWIy of I'M "d"

m,- )L, mm •a•"e of , IN all v'able ww zaau,,t f"a a Soan tint V

1(HoW mw14 (Daily) 12

2. 190 (1U6tt,. 4MD WNIS wms-0- Aul|. •twtalt C.

0 F3 .00 4.3 m Is -ASat- 2nn&I_ A nal. Anal .C

1010 -. 7 (Annual, A

: E- ffctiveness Attrbute Data and atings IoNNVable ytr .m 8-ess-e Cob'nMatiS-"
WMS GALLATIN VIGOROUS FIREBUSI{ PAMLICO .WHITE SAGE iPOINT HERRON

4(378'62 (2 10')~ (180.) - (160') - (133') - (82')

1- l 9_ S4 95 70 9_ 94 9 84 V9 "70 90

2 24q 9Z I I 93 .. 99 I11 S6 111 % N A

443 86 .N A 2n13 197 7,S 197 764 N A

4 364 98 N A 182 77 12 77 1M 771 N A

5N A N A 266 , 1(69 79 162 7? N A

6 N A N A 266 44 1(8 79 182 77 N A

7 384 S8 N A In~ 75, 192 76 A- 19 76 N A

8 N A N A 356 S5 179 78 17g 78 N A

9 1454 53 58 03 349 56 691 13 691 13 633 14

10 1470 53 52 6z 30. £o 1 701 12 _701 22 N A

11 2352 24 N A 677 15 C7 4) 0 (794'. 0 (o36 0

12 N A N A 597 251 799 1 78 V N A

13 N A N A 65 17 240 7 o0 ,o z0 N A

14 2202 2? 1113 2.9 512 35 399 50 399 50 170 63

is 2140 31 1121 28 524 34 409 48 4-09 A8 N A

16 SEO00 0 (15-6-2 0 (1l92)ý 0 02j 31 5o2 31 373 49

17 N A NA 712 ,0 493 39 493 39 N A

N A N A 770 3 4 1 39 481 39 N A

Attribute Daua1 t-F-ating N/A - Not a viable r/stem/vemal combination



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M/E VII- MAINTAINABILITY

22 Man-hours required fot WMS PM actions (relative)

Ettectiveness Rating Function R<ve)=1oo-1o0 0 _M .

RA ng rp iv% 10- 0 M. -PA s1

Rt^) - Ratilg (%) of Ith viable candidate WMS on vesel v

PMi - Annual PM man-hours required for ith viable candidate
WMS on ves-el v

Mv- Maximum value oT PM1i for all viable WMS candidates
for a given vessel v I

I
0 IOO1 100 - ;. ,

Effectiveness Attribute Data and Ratings for Viable System/Vessel Combinations
WMS GALLATIN VIGOROUS I FIREBUSH PAMLICO WHITESAGE POINTHERRON

A (378') (210') (180') (160') (133') (82')

1 71 90 90 30--16 36 7?2 ( 73 30
2 9 45 97 39 92 44 '7 45 66 N A

962 N A 9.9 27 . 25 81 2, 81 N A

4 106 N A 5= 76 53 60 53 60 N A

5 A N A 65 70 48 64 48 64 N A

6N A N A 65 70 4 _ 64 48 64 N A

7 67 91 N A 33 5 33 75 33 7_ N A

8N A N A 56 74 29 79 2S 7? N A

9 313 F6 179 50 IS0 31 115 14 115 14 107 15

10 306 57 175 S1 146 33 96 z.1 96 28 N A

11 544 Z3 N A ( 1 0 o. 0 0 ( _ o_.0
12 NA NA 194 15 132 1 ,32 1 N A

13 N A N A 164 24 108 19 l0o 19 N A

14 476 33 244 32 122 44 100 2"5 100 25 70 44

15 44Z 37 24,0 ,33 I19 45 60 40 20 40 N A

16 (0~ 0 I-5-9 0 118? 13 lie~ 12 118 12, 9 26

17 N A N A 157 28 117 13 117 13 N A

18 NA N A 137 37 92 31 32 31 N A

A , rbute Data Ra-tig N/A - Not a viable syste,/voel combination 1 87



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTO RS I
MAE VII - MAINTAINABILITY

23 Effect of WMS PM on vessel watchstander routines

Ettectiveness Rating Function -T

100 -Riv) - Ratng rA,) of It" viable candtdidte WMS on vesel v

(a) No effect on watchstander routines. *
(b) There is some effect on watchstander routines. -

b , y C.G. direction, (a) applies to all Whi conilderod
In this study.

b la w+. w w Is

Attribute -AI uI.AMrtl" Anal,

Effectiveness Attribute Data and Ratings for Viable System/Vessel Combinations
WMS GALLATIN VIGOROUS FIRE3USH PAMLICO WHITE SAGE IPOINT HERRON

* (378') (210') (10') (160') (133') (82')

1 100 O -1-

2 N AN A N A

4 N A __N Ad

5 N A N A N A

6 N A N A N A

7 __N A N A

8 N A N A ._N A

9 l

10 '_N A
S11 _N A .. .. .

12 N A N A___,__ N A

13 N A N A N A

is _N A

16 1__ _ __ _ _ _ _

17 N A NA _ _N A
18 N
18 N A vaNlA __ s__ cobntoN A!

At'rlbute Dassi L. rA•f N/A ,- Not a viable systetm/vessel comb~naton 1, 88
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EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M/E VII - MAINTAINABILITY

1 Frequency of WMS overhauls

Ettectivertess Rating J'unction IRje76) 100 (To /1O21.0 AII M I

N(%) - Rating () of ith viable candidate WMS (independent of vessel)

1 .TO 1 - Minimum time between ovcrhauls (In years) of any subsystemr
of the i1h viable cadidatc WNSS (Independent of vessel)

M - Maximum value of TO/ for all viable WhS candi~dates
ondepeadent of vessel)

NUM.
1. For JERED large boat MSD and a CHT the time between

ovehauls is 4 years.
2. By C.G. direction, the time between overhauls for all other MSD•

considered In thIs study is assumed to be 2 years.

Data given in the form (not vessel dependent):
TO. TO, TO

0 i "_ For gray water T/D subsystem 1 CWos
0TOi hP 4 Fo lakwte /DsbyseL rot (black water) CIT subsystem

Effectiveness Attribute Data and Ratings for Viable System/Vessel Combinations

WMS GALLATIN VIGOROUS FIREBUSH PAMLICO WHITE SAGE IPOINT HERRON
* (378') (210') (180') (160') (133') (52)

1....__4,4.4 100 _

22 2,12_ 50 1 N A

3 N A 2.2,4 50 SON ,_ _ A

4N A z, 2, 4 So _ ..... N A

S N A N A z2Z, 2 50 N A ,N

6 N A N A 4,4,2 go N A

7 N A 2,2,4 50ol N A

8N A N A 2,2.Z 50 N A

9 4,4,4 10 O

10 4,4,4 100 _ _N A

N A 4, Z, 4 so_ _ _-

12 N A N A 4, 4, 2 50. N A

13 N A N A 4,4,2 50_ N A

14 2,4,4 50 _ .

2., 4, 4 50 N A

16 2._, 2.4 50

17 N A N A 1,4,2 50 N A

18 N A N A 2,4,2 50 ._ N A

Attrbute Data-- L--.Rating N/A - Not a viable systern/vssel combliation 189



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

M/E VII - MAINTAINABILITY

32 Man-hour and skill level requirements for WMS overhauls (relative)

Ettectiveness Rating Function IRj 0oo - 100 .2.'of 1.0

Riv(%) - Rating k%) of ith viable candidate WMS on vessel v

100
-LO Cost of labor ($) for overhaul of ith viable candidate

WMS on veael v

Mv - Maximum value of LOi for all viable WMS candidate

for a given vessel v

0 Au 00^ l. Im 11. Cost.
LOi 100 Anal. Anal.

Effectiveness Attribute Data and Ratings for Viable Systqm/Vessei Combinations
WMS GALIATIN jVIGOROUS FIREBUSH PAMLICO WHITE SAGE POINT HERRON

(378') (2101) (180') (160') (133') - (82')

989 59 413 1 6ý 4Z4 79 6o4 1- 604 17 420 14

2 1077 GS 532 71 524 74 492 32 492 32 N A

3 e03 67 N A 591 70 329 S5 328 !5 N A

12.49 48 N A 730 ,63 \ 0 787 0 N A

5 N A N A 671 66 546 25 546 25 N A

6 N A N A .671 66 546 251 (7289)0 N A

7 1050 57 N A 621 b? 619 15 b1i 15 N A

8 N A N A 634 68 437 40 ~437 40 N A

9 23116 4C2 0 174 12 436 401 436 40 420 14

10 2101 13 1715 b 1617 Is 227 5S 327 55 N A

11 (2-4 0--- 0 N A 170Z 14 329 55 32? 55 313 36
12 NAN 17) 0 58 23 559 23N A

13 N A N A 1710 14 267 63 267 63 N A

14 7079 13 1091 40 456 67 574 21 S74 21 C488) 0_

i5 1799 26 983 46 548 72_ 464 36 464 36 N A

15 2164 10o 1134 38 624 691 467 1 36 467 36 -733' 22
17 N A N A 39 5 5 696 4 69• 4 N A

188NA NA31D-• 4.44 1 405 44 1/N A A

A tribute Daraif 4- Rating NIA - Not a viable system/vessel combluation 190



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBrACTORS

M/E VII - MAINTAINABILITY

33 ISpecial docking requirements for WMS overhauls

Ettectiveness Rating Function

Rating r'

t a
-•100 *-- =

10 •--(a) There are no sped:al docking requIrements for the WMS,

(c) Thee are special docking requirements for the WMS.

B Hy C.G. direction. (a) applies to an WMS candidates in

this study.

- I

: ] •,€• e of D tat

"0 b [ISD WAS wills
JAnal. Ilnmtull. Cu

Attribute Anal. Anal.

Effectiveness Attribute Data and Ratings for Viable System/Vessel Combinations
WMS GALLATIN ' VIGOROUS FIRE BUSH PAMLICO WHITE SAGE .POINT HERRON

Q (7 8') (210')(10) (16 0') (13 3') { (82')
Sa 1030 1100

2 _ - N A

3 N A N A

4N A N A

S N A N A N A

6 N A N A N A

7 N A N A

8 N A N A N A

9i . N

10 N A

11 N A _

12 N A N A N A

13 N A N A N A

14

15__ _ ._N A

16

17 N A NA N A

N1A NA ____ ____j___ N A

Antibu-t D ta---J Rating N/A - Not a viable system!/vessec combination 1 91



EFFECTIVENESS RATINGS FOR ELEMENTARY FACTORS/SUBFACTORS

Wvl/E VII - MAINTAINABILTTY

S4j Logistic requirements for WMS (relativel

Ettectiveness Rating Function kWM - lUdvlfrWW IRs h •CF (RpRD' RGT,•
(a 8 ) tiC/T - ItA ztOin fb (blaczk .4101• C ,,T mbsysitm w a tr T"nT

iIU T/ Rad- for gray , wai T/D w/ blypern
dn U~IT/ - §Adv fa bFc watei T/D wasysem

f z*~ro zo1 ) Atri~bute

75 h b "~~CIT p Tin ' VP)"tig

(a) No q.al pPas am r~qued fmr te W1.1 stIbICtm,
(b) Fe differeat cat4gone4 of "jwctat pain am r4e.ued

In, the WIG sIontnm aof dtv aus few pars
tao h w ttmagorv.

23 (c) few diffoeor cotagsorte of iyecial parts vrequited
for the WU sma.ym but many pam of each

mepa rzequ•led: or. many 4ifferrat categories .c of Data -I
of 9cclat Pam Maukred. but Stiref are few Pa Inls W)oGwFu1

0 i d eac category. IA VAL WAIL COO
Attribute (4) Macp diffmege: cAteongs of parts as eute do di t Am .. A nal.

Wa wbu "r-m an• - i. s i- a lao s na- ., of.••t--f
Pato widtin each catedgoy.

Effectiveness Attribute Data and Ratings for Viable System/Vessel Combinations
WMS GALLATIN VIGOROUS FIREBUSH 1 PAMLICO WHITE SAGE 1POINT HERRON

(378') (210') (180') (160') (133') (82')

1 ___ _ __~100 V__

- -_4_ NA O;b,O. 75____ ___.a NAN A ,, 75 N A
NA b, a 75 N A

44_A N A ab, a 75 N A

- N A N A 7 _, b•,_ -5 N A

N A a, b, 75 N --A--_
8N A N A ar, 6, 75 N A Ii

S_ ______6, _, a, --1-a

10 6, 6b,'a 75 __ N A
11 N A b,b,a 775-
12 N A N A 6,a,b 75 N A

13 N A NA b, b, 6_7 N A
1 ,at, a 75 :

6,1b. 5 _6, a 1N A

16 bba. 751

17 N A N A b, a, 75 . N A

18 N A N A b,b,b 75 N A

Attribute Data-J Ratng N/A - Not a viable ,yster/vessel combination 192
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DISCUSSION OF THE ErFECTIVENI'SS ASSESSMENT METHODOLOGY

AND APPLICATION GUIDELINES

EFFECTIVENESS ASSESSMENT Or CANDIDATES

The effectiveness of candidate systems is determined on the basis

of numerous considerations such as system characteristics and features,

assumptions, etc. It is very difficult to make sound decisions based on

the simultaneous judgement of a multitude of considerations, many of which

may be unrelated. On the other hand, it is fatrly easy to make individual

decisions on a small scale. The approach used for assessing the effective-

ness of candidates is based on converting the relatively difficult problem

of trying to arrive at a major decision by simultaneously juggling numerous

and often unrelated considerations, into the relatively easy problem of

systematically making many "smail" decisions. The approach also addresses

the necessity of combining the decision-maker's subjective Judgements with

technical data and relevant assumptions in arriving at an overall effective-

ness assessment of each candidate system.

The effectiveness assessment consists of the following three basic

steps:

* Deveibpment of- a suitable effectiveness model.

* Development of effectiveness attribute data.

Quantification of effectiveness by substitution of the effectiveness

attribute data into the effectiveness model.

The effectiveness model is, in effect, a framework of criteria for

judging the degree of acceptability of each candidate system. This frame-

work is in the form of a hierarchy which structures the effectiveness assess-

ment criteria in successive levels of detail and specificity. A set of weights

are then associated with this criterion hierarchy to indicate the importance

of each criterion in relation to the others.

193
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The underlying concepts of the approach for assessing the effective- I
noss of candidates are discussed in the following paragraphs. This dis-

cussion is presented in accordance with the breakdown of the effectiveness

model Into its constituent elements and includes guidelincis for the develop-I
ment of each model element discussed.

Definition of Effectiveness and Associated ImpLcat.ions

The approach for assessing the effectiveness of candidates and the

development of the effectiveness model which forms the basis for this

assessment are closely related to the definition of effectiveness. In the

context of this study effectiveness is not to be viewed as a fixed and pro-

formulated expression in terms of some specific variaoles. Instead, the

following definition of effectiveness is used:

The effectiveness of a candidate is broadly defined as its overall

quality. This quality Is determined on the basis of how well the

candidate fulfills specified objectives, requiremuiits and constraints. A

Furthermore, this overall quality can be quantified and the resulting

number Is the effectiveness rating of the candidate. The effective-

ness rating is a quantitative measure of the degree to which the

candidate has satisfied the aggregate of all the individual criteria

for determining conformance with objective, and requirements as

well as their relative importance.

It is noted thc.' the above definition of effectiveness implies the

following:

It is necessary to specify objectives, requirements and constraints.

It is necessary to establish criteria for judging how well the

candidates fulfill the objectives, requirements and constraints.

It is necessary to indicate the importance of the established

criteria relative to one another..
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It is necessary to quantify each individual criterion as well as

the aggregate of all criteria and their relative importance. This

quantification must be based on candidate attribute data (i.e.,

characteristics).

The development of the effectiveness model forms the basis for - -

accomplishing the above objectives.,

Elements of the Effectiveness Model

As noted in the previous discussion the development of the effective-

ness model is the basis for assessing the effectiveness of candidate system/

vessel combinations. Completion of the effectiveness model also provides

the basis for developing the required effectiveness attribute data as well as

for quantifying effectiveness.

The effectiveness model consists of the following elements.

* Measures of Effectiveness (M/Es)

M/E weights

Factors and subfactors of the M/Es

Factor/subfactor weights

Effectiveness Rating Functions (ERFs) for the elementary factors/

subfactors

Each one of the above elements of the effectiveness model is dis-

cussed in the following paragraphs. Guidelines for developing each model

element are also given. In addition, the nature of the necessary effective-

ness attribute data and the procedure for quantifying effectiveness are also

discussed,
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SELECTING MIASUR'S OP iEFECTIVENESS (M/Ps)

Purpose and Deflnition of M/Es

Candidate systems for a given vessel class can be compared more

readily if a numerical score for effectiveness Is determined for each can.

didate. As a first step in the process of quantifying effectiveness, it is

necessary to establish a set of Measures of Effectiveness (W/Es). The

M/Es onstitute the figures of merit or the set of overall criteria which

will be used to judge how well each candldate system mect.' the require-

ments which are doomed to be important. M/Es are broadly defined con-

siderations or realms of concern for the decision maker.

Required Properties of M/Cs

A valid set of M/lWs should be characterized by the following properties:

. Appropriate level of comprehensiveness

* Completeness

* Uniqueness and independence

Appropriate level of comprehensiveness implies that each M/E selected

is sufficiently general to encompass or imply all the pertinent subcriteria I
which will subsequently be Identified (the factors and subfactors). As an

example, the number of man-hours required would not be an appropriate

M/E since it is implied or encompassed by (and hence is subordinate to) I
another (and moro general) figure of merit such as Operability or Maintain- 7

ability.

Completenoss implies that the M/l;s selected (together) encompass

all aspects which are considered to be Important, i.e., they are, as a

group, capable of assessing the candidate's qualifications with respect to A

all relevant criteria.

Uniqueness and independence, implies that none of the characteristics

which are implied or included in one M/'I appear in any one of the other
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M/Es, i.e., there is no overlap in the various criteria (factors and sub-

factors) which are implied by the selected set of M/Es.

Guidelines and Considerations in Choosing M/Es

When selecting a set of M/Es, it is important to keep in mind that

these M/Es are not intended to be a universal and all encompassing set of I

figures of merit which are adequate for any conceivable set of circumstances.

Instead, the M/Es should be based on the basic objectives and requireT.'ents

at hand for the specific candidate system/vessel combination being studied.

The following considerations should govern the selection of M/Es:

It is not necessary to decide in advance (or to know the details

of) how each M/E will subsequently be broken down into its

constituent factors and subfactors in order to choose an adequate

set of M/Es. In fact, different individuals can be involved in

these two processes.

Each M/E should represent an inherently different set of con-

siderations or criteria.

They should be as few as possible in number, consistent with

the goals of the study. No M/E should be included unless it is

determined to be an essential consideration in assessing the

effectiveness of the candidate systems. A proliferation of M/Es

decrenses the sensitivity of the overall effectiveness score for

each M/E. Also, a multitude of M/Es makes it more difficult to

make balanced judgements in assigning weights to the M/E. The

number of M/Es used should be limited to less than ten.

A figure of merit which is a potential candidate for an M/E should

not be eliminated from consideration on the basis of the argument

that this M/E is not necessary because there are rigid require-

ments governing this area of concern which will take care of this X I

problem, As an example, one may be tempted to argue that

197
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"Safety" should not be made an M/E because there are specific

regulations governing safety and an unsafe system will not be

permitted to be installed on board a ship. The fallacies of such

an argument are as follows:

The fact is that irrespective of rigid specifications, unsafe

equipments are to be found on board ships and accidents do

occur.

If the above argument is pursued to its logical conclusion,

then all M/Es would be eliminated from consideration since

there are also specifications for performance, reliability,

habitability, operability, etc.

Even if all candidates met the safety specifications (these

can be considered as a minimum requirement), there are

nevertheless substantial differences among candidates in

the degree of safety and these differences should be identi-

fied and quantified.

It is usually easier to eliminate or add an entire M/E than it is

to make numerous changes within several M/Es.

The relative importance or unimportance of each W/E will be

stipulated via the weight assignment scheme,

The utility and ease of interpretation of the final results, i.e.,

the overall effectiveness score of each candidate system, will

depend (among other things) on the care with which the M/Es

and their weights are selected.

The wording used to describe an M/E should be concise and

carefully chosen to ensure that the full meaning and all the

criteria implied by the M/E ario reflected in its name. A short

statement of the issues implied by each M/E should be provided.
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ASSIGNING WEIGHTS TO THE M/Es

Purpose of M/E Weights

Assignment of weights to the M/Es serves two essential purposes.

First, these weights enable the decision maker to reflect his judgement as

to the relative importance of each M/E, based on the candidate systems

and the vessels being considered as well as the objectives and goals of

the study. Thus, the M/E weights provide the decision maker with the

opportunity to perform trade-offs between the different considerations

governing the selection of a candidate system.

Second, assignment of weights to the measures of effectiveniess

facilitates the combination of the individual MWE ratings into an overall

effectiveness rating for each candidate.

Guidelines for Assigning M/E Weights

Since Lhe choice of weights has a strong influence on the overall

effectiveness rating of the candidates and therefore influences the manner

in which they will be ranked, the choice of M/E weights should be made

by cognizant decision makers who are familiar with the considerations which

were used to determine the specific choice of M/Es. Due to the importance

of these M/E weights, great care should be exercised in their selection.

Following are some guidelines for assigning M/E weights. I
All of the subordinated levels of factors and sufactors within the

effectiveness model structure do not have to be identified in

order to assign M/E weights.

Weight assignments are to be system and vessel independent

(knowledge of system or vessel characteristics is not required).

Weight assignments are to be used to convey the importance of

each M/E relative to one another.
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Weight assignments are to indicate importance by assigning

higher numbers to those M/Es that are more important and low

numbers to those of lesser importance.

Numbers should be assigned on a percentage basis (whole

numbers only) and should range on a scale of 0-100%, with the

sum of all weight assignments equal to 100%, i.e.,

m
SwI +w2 + w + .... w = w--oo :

W1 +W2 +W3 + * 0

DETERMINING THE FACTORS AND SUBFACTORS OF EACH M/E

Each WE encompasses a large number of considerations and hence

depends on a multitude of candidate system attributes. As a result, it is

noL practical to attempt to obtain a direct rating for each candidate system

with respect to the M/Es. Instead, each M/E is systematically broken

down into its constituent component criteria and then a relationship between

each of these component criteria and the candidate system's attribute is

established.

Selecting Factors of an M/E

As a first step in this breakdown, a set of factors is selected to

characterize each M/E. These factors, in combination, represent all the

aspects or attributes of a candidate system which are considered to be

relevant to the particular M/E. The set of M/E factors is not necessarily

unique. In establishing such a set, it is important to ascertain that they
4*
are characterized by the following properties;

Appropriate level of comprehensiveness

Completeness

Uniqueness and independence

* It is noted that these properties were also called for in the choice of the
set of M/Ls.
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The first proicrty is concerned with picking a set of factors which represent,

in effect, a first indenturn of each effectiveness measure, rather than a set -

of very detailed considerations which would be appropriate only at further -

levels of indenture. As an example of what is meant here, "special tool

requirements' is an appropriate consideration which is implied by the MiE

"Maintainability", but it would not be appropriate as a factor of this 4

effectiveness measure because it is a consideration which is implied by 1

the more general, and hence more appropriate, factor "Corrective Maintenance

Requirements".

The second property is concerned with ascertaining that the factors

•chosen together constitute (i. e, imply) all aspects of the effectiveness

measure which are considered to be important and relevant for that M/E.

That is, the factors of an effectiveness measure must be capable of com-

pletely describing and characterizing it.

The third property is concerned with avoiding overlap in considerations

which are implied by the different factors of an M/E, and to insure indepen-

dence among factors, i.e., the rating of one factor is independent of the

rating of any other factor, .

Selecting Subfactors and Elementary rac-tors/Subfactors

The factors themselves may be too complex to assign ratings to them

because they encompass a multitude of considerations. As an example, the

factor "Corrective Maintenance Requirements" of the M/E "Maintenance"

includes considerations such as labor, parts, accessibility, etc. The

procedure which is followed in such cases is to break up each complex

factor into a set of subfactors which, together, encompass all the con-

sideratlons which are implied by the fa±ctor. In choosing a set of subfactors

for each factor, the same considerations which govern the choice of factors

for each M/E are employed, namely:.

Appropriate level of comprehensiveness

, Completeness

* Uniqueness and independence }
201tn
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Often, subfactors may themselves be too complex because they imply I
numerous considerations and hence may require further breakdowns. This

-is accomplished by determining a set of lower level subfactors for each

complex subfactor. The procedure employed is analogous to those used

for determining the factors of each M/E. as wel! as those for choosing the sub-

factors of a complex factor, and the same criteria apply. This procedure of

------ breaking down a complex subfactor into a set of lower level subfactors is

continued successively as many times as necessary or convenient until a set of

,elementary subfactors (or factors) is reached. An elementary subfactor or

factor is one which encompass a single consideration and hence can be

rated by relating it to some attribute of the candidate system. As an example,

"Accessibility of replaceable components" is an elementary subfactor of the

subfactor "Ease of repair/replace", of the factor "Corrective Maintenance

requirements", of the M/E "Maintainability". This is a single aspect of

maintainability for which a direct relationship can be established between

the magnitude of the candidate system attribute and a numerical rating for the

elementary subfactor.

It is noted that the choice of elementary subfactors/factors is not

always obvious or unique. As an example, the number of maintenance man-

hours required may be chosen as an elementary subfactor. However, several

maintenance personnel, at different skill levels may be assigned to the system/

equipment whose maintainability is being analyzed. The question arises, then,

whether the maintenance man-hour requirement should be further broken down by

skill level or whether the sum of man-hours for all skill levels is sufficient.

The decision on the extent of breakdown and therefore the level of the analysis

depends upon a number of considerations, including Lhe availability of data

and the funding as well as the time available for the analysis.

Unique Identification of Factors and Subfactors

The levels of subordination of factors and subfactors are conveniently

indicated by successive indentures and by the number of "bullets" appearing
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in front of the factor or subkfactor. Elementary factors/subfactors are those

having the largest number of such "bullets" in front of them.

Usually, there are more than one factor or subfactor at any given

level of subordination. In order to form a unique identification o f each

factor and subfactor, a numbering scheme is used as follows:

- The number of digits indicates the level of subordination of

the factor or subfactor.

The first digit represents the factors, the second digit represents

S-2te subfactors, the third digit represents subfactors of subfactors,

etc.

The numerical value of each digit represents the sequence or

position of the corresponding factor or subfactor in relation to

the others at the same level from top to bottom, starting with

I for the first, 2 for the second, etc.

Since the number of factors or subfactors at any given le,,l of

subordination will be limited to nine, the digits will range from I
I to 9. As a result, it is not necessary to have any separators
between the digits in the number which designates the unique

identifier for a given factor or subfactor.

ASSIGNMENT OF FACTOR/SUBFACTOR WEIGHTS

Purpose of Factor/Subfactor Weights

After the effectiveness measures are broken down into factors and

subfactors and their associated levels of subordination, it is necessary to

assign weights at each level of subordination. These weights serve two

essential purposes. First, they provide a means of combining the ratings

for the factors and subfactors in order to obtain an overall numerical rating

for each effectiveness measure. Second, they provide an opportunity for

the analyst to specify how much each factor and subfactor is to contribute

to the effectiveness rating within each effectiveness measure. This com-

pliments the level structure of the effectiveness model, which shows the
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breakdown of each measure of effectiveness into factors and successive

levels of subfactors to indicate the manner in which the various criteria

are related to one another in terms of subordinate levels of considerations.

On the other hand, weights indicate how important each consideration is

in relation to the others. Thus, the factor and subfactor weights allow the

decision maker to perform trade-offs between relevant considerations.

Guidelines for Assigning Factor/Subfactor Weights

The approach for assigning factor and subfactor weights is similar to

-that used for assigning weights to the effectiveness measures. The basis

for the weight assignment is subjective judgement guided by experience and

knowledge of the candidate systems, the vessels and the objectives of the

study. Weight assignments should be made in consultation with individuals

most familiar with the pertinent criteria under consideration, i.e., the

factor/subfactors of each WE. Following are some guidelines for assign-

Ing factor/subfactor weights.

Weights are assigned to each effectiveness measure systematically

in a step-by-step manner, following the factor/subfactor level of

subordination structure, beginning with the highest level, i.e,,

the factors of the effectiv-ness measures.

Weights are assigned on a per level basis i.e., the distribution

of weights among the factors or subfactors -it a given level should

not be influenced by the weights already assigned or those to be

assigned to factors and subfactors at higher or lower levels.

Weights are distributed to factors or subfactors at the same level

on the basis of the importance of each factor or subfactor in

relation to the others. The degree of importance is indicated by

the numerical value assigned to the factor or subfactor weight, ,

following the convention that a higher weight means greater

importance and a lower weight means less importance.
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The numerical value of the factor/subfactor weights are

given as a percentage on a scale from 0 to 100% (given

to the nearest percentage point).

Weights must be distributed among the factor/subfactors

- . at the same level, taking relative importance into account,

-so that the sum of the weights at any given level is equal

-to 1 00,1. ie. ,

n
W 1 + W 2 +W 3 + .... Wn =100

Factor/subfactor weights are system independent but may

be vessel dependent, i.e., the distribution of weights at

aný given factor/subfactor level may be different for each

vessel. This enables one to accommodate the fact that

some considerations may be more important on one vessel

than on another vessel.

I
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DEVELOPMENT OF EFFECTIVENESS RATING FUNCTIONS (ERFs)

Purpose and Definition of ERFs

Having developed the structure of the effectiveness models (consisting

of a breakdown of each Measure of Effectiveness (M/E) into its factors and

subordinate subfactors ) and having assigned weights to the M/Es and to A

all factors and subfactors, it is necessary to determine a numerical effective-

ness rating for the elementary factors/subfactors for each viable candidate

system vessel combination in order to quantify each W/E as well as the

overall effectiveness. Determination of numerical effectiveness ratings

for each elementary factor/subfactor consists of the following three steps:

Development of an effectiveness rating function (LRF) for every

elementary factor/subfactor within each M/ E.

Development of effectiveness attribute data for every viable

candidate system/vessel combination, as required for input to

each effectiveness rating function.

Use of the effectiveness attribute data for each vi.able candidate

system/vessei combination as input to the effectiveness rating

functions to obtain an effectiveness rating for every elementary

factor/s ubf actor.

An effectiveness rating function establishes a generic rejationship

between a relevant quantitative or qualitative system/vessel characteristic,

i.e., the "value" of the system/vessel attribute, and a numerical rating

which expresses a subjective judgement of the "worth", "quality",

desirability, adequacy, acceptability, preference, etc., of the attribute

"value". The rating is a subjective indicator of how well each candidate

fulfills (on a relative basis) the criterion established by the relevant

elementary factor/subfactor. This is to be distinguished from the factor/

subfactor weights which indicate how important (on a relative basis) each
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criterion is. Establishment of the effectiveness rating functions constitutes

the final step in the development of the effectiveness model. After this step

has been completed, the quantification of effectiveness becomes a straight-

forward, although tedious, procedure which readily lends itself to computer

implementation.

steps in the Development of ERFs

Since the effectiveness rating functions (in conjunction with the M/E

and factor/subfactor weights and levels of subordination) form the ultimate

basis for quantifying the effectiveness of each viable candidate system/

vessel combination, great care should be exercised in their development.

The derivation of effectiveness rating functions requires a clear ana

thorough understanding of the criteria which are implied by the relevant

elementary factors/subfactors, knowledge of the candidate system/vessel

characteristics (attributes) and the manner in which they are "measured"

as well as the ranges of "values" of the attribute data, and the use of

subjective judgement as to what constitutes "good" and "poor" attribute

"values" for candidate system/vessel characteristics. The development .!

of effectiveness rating functions consists of the following three basic steps:

Determine the system/vessel characteristic which will serve as

the effectiveness attribute variable to be used as a "measure"

of the criterion implied by the relevant elementary factor/'

subfactor. This step may entail an intermediate step which

combines two (or more) different types, of raw systenVvessel

characteristics, e.g., the use of skill weighted man-hours as a

measure of the burden on the vessel crew for system operation

and ptaintenance, or the use of system weight and its location

within the vessel to determine the moment as a measure of the

effect on vessel stability, trim or list. Effectivwness attribute

variables may be system dependrent only (e.g., odor, noise, etc.)

or system and vessel dependent (e.g., moment). Syster/.Vvvssel

attribute variables may be quantitative (e.g,, dimensions in feet, nuaraber
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of man-hours roquired for operation/maintenance, the number

of differeont spare part types required) or they may bh qualita-

tive (e.g., odor or noise produced by system, compleXLty ot

system) Quantitative effectiveness attribute variables may 4
AT

be continuous (e.g., weight of system, consumption of fuel,

etc.) or they may be discrete (e.g., the number of skill levels

required for operation/maintenance, the number of duplicate

systems required, etc.).

Determine the format, i.e., form and shape, of the functions to be

used in relating "values" of the effectiveness attribute variable

on the horizontal axis to rating numbers on the vertical axis

which are a measure of the "worth" or degree of "goodness", the

"desirability", etc., of the corresponding "value" of the attribute

variable. This step requires the use of subjective judgement to

determine what constitutes "good" and "poor" "values" for the

pertinent system/vessel attribute variable. It also requires

determination of the "rate" at which changes in attribute values

are to be "rewarded" or"penalized", i.e., it requires that a

rating number be assigned to every possible "value" of the

attribute variable. The ratings are numerically expressed as a

porcentage, on a scale ranging from 0 to 100%, using the con-

vention that a high rating represents a favorable condition and A

a low rating represents an unfavorable condition (i.e., an un-

desirable value of the attribute variable).

Determine the "limits" ("upper" and "lower") of the rating func-

tion, This is based on subjective judgement of what constitute

"acceptable" and "unacceptable" system/vyessel "values" for

the attribute variable.
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Criteria and Guidelines for Developing MRI's

The development effactiveness rating functions is, to a large extent, 4

an art and as a result the quality of tho rating functions is dopendent on

the ingenuity, creativeness and rosourcofulness of the analyst. It is noted

that this also applies to the development of the structure of the effectiveness

model. As a result, a stop by stop systematic procedure for formulating

effoctivoness rating functions cannot be giver.. !nstead, guidelines and

assessment criteria for the devolopment of effectivoness rating functions

will be givwn.

Following arc some criteria for Judging the, quality of an effectiveness

ratinci function. An elegant rating function is characterized by the following

qualitites:

* It dirtctly addresses the intnded critrion and encompasses all

the issues implied by the elementary factor/subfactor.

It i• simplo, t.n., the rating procodure is transparent (visible) to the

reader without resorting to ,laborate explanations, anO the reader

cilan rClate to it reddily (i. ev, the reaction is that it is "obviously"

the way to do it, after he sees how it was don,)

It highlights and emphnsizos differveies and supprosseS silmlilar-

Ities between candidate systonVvessel combinationnS.

It is consistent with the efiectiveness attribute data availability.

I. o., it dooes not r'equire data which ait? not roadily available and

makes usa of all pertinent data whicl, can readily bo obitaind.

It. h.s a relntively high d.gree of repeatability (with retpect to

time and acros !lsvidiiduals) , especially for subj(ective criteria.

Following ar, some guidelines for developing effectiveneos rating

functions for ehlmentaty factors/subfnntors,
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It is not necessary to be familiar with the details of the structure

of the effectiveness model, or the associated W/E and factor/

subfactor weights, in order to formulate cogent rati,,g functions.

* It is not necessary to have the actual system/vessel attribute A
data available in order to formulate the conce )t and general

------ shape of the effoctiveness rating function. j.%,ever, full

definilon of a rating function may have to await determination

of the effectiveness attribute data for all viable candidate J

system/vessel combination in order to fix limits, ranges, extreme

points, function shape, etc.

The purpose of effectiveness rating functions is to measure "how

good" a systenVvessel characteristic is. Rating functions are

not concerned with "how important" that characteristic or feature
A

is (this aspect is handled by the factor/subfactor weights).

Effectiveness rating functions for elementary factors/subfactors

should be structured such that a higher nuinLrical rating means

"better", "more favorable", "more adequate", etc., and a lower

numerical rating means "worse", etc.

Ratings of elementary factors/subfactors (i.e., the result of

substituting systcn/vesscl effe tiv' loss attribute data into a

rating function) will be expressed as a percentage ranging from

0 to 100%. Ratings should be given to the nearest percentage

point.

E ffoctiveness rating functions art, always system dependent and

may or may not bc vessel dependent too.

Ideally, effectiveness rating functions which measure conssumption

of vessel resources (fuel, electric power, space, man-hours, etc.)

should be related (normalized) to vessel capacity, rather than

using a normnalization scheOie based on the maxi mtum value.

210



Vessel dependence of an effectiveness rating function can be

handled by one of the following methods:

Prepare separate curves for each vessel or show a family

' "of curves on the same set of axes with the vessel as the

para~meter.

Use a generalized effectiveness attribute variable which

incorporates the vessel dependence in it (e.g., WMS electric

power consumption expressed as a percentage of the whole

or a fraction of the vessel generating capacity).

Use an effectiveness attribute variable which incorporates

the vessel dependence dS an explicit parameter to be entered

when evaluating a given systen/vessel combination, i.e.,

the actual position of a given system/vessel combination

on the attribute scale becomes fixed when the vessel parameter

(in addition to the system attribute value) is substituted.

Effectiveness rating functions should be consistent with the

availability of system/vessel effectiveness attribute data,

it should utili.:e the data which is readily available to the

maximum extent but should not place an undue burden on data

requirements by specifying data which is either unavailable or

is impractical because it requires an unwarranted effort or expernse

to obtain.

An effectiveness attribute variable may itself be a function of other

raw system/vessel attribute variables (e.g., weighting man-hours

by skill level to obtain a skill weighted labor requirement, etc.).

A primary purpose of effectiveness rating functions is to highlight

diffarences between system candidates rather than to show

simllaritics. This should be taken into account when structuring

rating function shapes, establishing ranges, extrcme p:ints, etc.
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In rating certain undesirable attributes, consideration should be

given to system/vessel conditions which facilitate easy elimina-

-- ,tion or alleviation of the problem (e.g., better ventilation to remove

odor and heat, better shock mounts to reduce vibration, etc.) by

"penalizing" such system/vessel combinations less than those which

do not have this property.

* •Effectiveness rating functions which depend on subjective judge-

v ments should take into account the tendency of most people to

provide answers which tend toward the average. This can be

(good/bad, high/low, much/little) and few at the midpoint or

average.

, Difficult (conceptually or otherwise) effectiveness rating functions

are probably best done in stages rather than investing a lot of Ii
time trying to formulate it during the first attempt.

* Effectiveness rating functions and the form of the required attribute

data should be transparent (visible) to the reader. If intermediate

steps are used to convert the necessary raw attribute data to the

required format, these steps should be clearly indicated. Unless ii
there are compelling or overriding considerations, rating function

shapes should be simple curves (a shape which Is readily "under-

stood" by the reader). Examples of overriding considerations which

would warrant more complicated rating function shapes is a priori i
knowledge that the effect under consideration is a non linear

function (i.e., it varies as the square, the square root, exponen-

tially, etc.) of the attribute variable. Such a non linear func-
tional relationship may also be used to "penalize" or "reward" a
candidate system/vessel combination which has "good" or "poor"

values for the attributo variable. ) i
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Some Examples of Mr~s

S~Examples of possible effectiveness rating function shapes are shown7

4 1 ;I

In Figure 5. The functions represented by (a), (b), (c) and (d) in Figure 5

are for effectiveness attributes which are continuous variables. The func- i

tions represented by (e) and (f) are for attributes which are either discrete i
variables or for continuoub variables for which ratings are more readily

assigned to ranges of the variable instead of to every possible value of

the variable. The functions represented by (g) and (h) are for attribute

variables whose "values" Fro not numerical but represent either qualitative

information or yes/no answers to specific questions. Functions represented

by (a), (b), and (e) are such that the higher the value of the attribute variable,

the lower the rating and vice versa, i.e., low values of the attribute are

favorable and high values are unfavorable (e.g., total man-hours required A

:for maintenance, the total number of different skill levels required).

The functions represented by (c), (d) and (f) are such that the higher the

value of the attribute variable the higher the rating and vice versa, i.e., ,

high values of the variable are favorable and low values are unfavorable

(e.g., MTBF of an equipment). Functions (a) and (c) are representative

of attribute variables which have an upper limit, whereas functions (b) and

(d) are representative of variables which do not have an upper limit. It is

noted that an attribute variable may inherently not have an upper limit yet

be represented by a function which shows an upper limit. An example of f

such a situation is an attribute variable such as total maintenance man-hours

which has been normalized by dividing the value for each candidate either

by the highest value or by a fraction of a year or by the vessel complement

(or fraction thereof). The value used for normalization thus becomes the

upper limit. Function (g) is representative of an attribute variable which is "

qualitative in nature and the "values" of the variable are degrees of "goodness" J9

in comparison to some specified standard (e.g., the odor level generated i"
by the WMS fixtures, in comparison to standard household fixtures). I'unction

(h) represents an attribute variable whose "values" are yes/no answers to a

specific question (e.g., "are special tools required?").
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Figure 5

EXAMPLES OF EFFECTIVENESS RATING FUNCTION SH1APES
FOR ELEMENTARY rACTORS/SUBFA(-TORS
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The sample furctions presented In Figure 5 are suggestive of the

_procedures used for r~ting elementary factors/subfactors, The actual

functions to be used in any given problem have to be determined by the

analyst on the basis of his familiarity with the candidate system/vessel

combinations involved, the data available, his experience and judgement.

Further examples of effectiveness rating functions are provided in

Figure 6 which shows ratings of some automobile char-cteristics which

-- may be of interest to some users. The function in (a) attempts to rate

automobile fuel economy. This rating function indicates that an automobile

getting less than 5 miles/gallon is considered to be unacceptable (a rating

of 0%), whereas an automobile which yields 40 miles/gallon or more is

considered to have the maximum rating of 100%. Automobiles which have

fuel economies within the range of these two extremes are rated on a linear ;

scale sloping from 0 to 100%. The functions in (b), (c), and (d) for rating

automobile range, stopping distance and acceleration, respectively, are

based on the same principle. The ratiag function in (e) for rating harndling

and steering are subi .ctive estimates based on comparison to an Implied

standard, in this ca .3, the "1average" of all automobiles. The rating function

in (f) for arangement and labeling of instruments is based on an absolute

(as opposed to comparison) qualitative subjective estimate. The ratIng

function in (g) for safety features such as the existence of reinforcement

or a collapsible steering column is a two valued (0 or 100%) rating function

based on the arswer to a yes or no question.

"Difficult" rRms and Repea!tabilitv

It il recalled that an elementary factor or subfactor is one that encom-

pasSes a single consideration or criterion and hence can be rated by relating

i, to some characteristic or attribute of the candidate systerrVvessel com-

bination. However, there are circumstances in which the formulation of a

rating function, which requires subjective assessment of the attribute, is

complicated by the fact that the elementary factor/subfactor depends on

4
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EXAMPLES OF EFFECTIVENESS RATING FUNCTIONS

FOR AUTOMOBILE CH-ARACTERISTICS
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more than one variable (e.g., the effect of foreign objects based on a

lengthy list of objects), or the data available for a single variable is

elaborate.

An example of such a circumstance is presented in Figure 7 which

provides data on automobile frequency of repairs, broken down by subsystem.

-The frequency of failures for each automobile function or subsystem is given

as one of five possible levels or dugrees and are designated by circles which
; 're either blank or have in them grosses, slashes, partial and full shading. j

Note that one would find it difficult to use this information directly to rank

the automobiles with respect to reliability, especially when a fair number

of candidate automobiles are involved. It is further noted that even if one

were somehow able to rank the reliability of the autoawoi.#les at a given time,

the repeatability of such a ranking, even by the same individual, at a later

time would be reiatively poor. Finally, it is noted that even if one some- I A

how managed to rank the automobiles on the basis of reliability so that a

given candidate is more reliable than another candidate, one would find it

extremely difficult to answer the question by how much?

Before proceeding to a proposed approach for developing effectiveness

rating functions for situations of this type, it is worthwhile to examine

what makes this example (and others similar to it) "difficult". The problem

is that there are subjective elements and many mechanical elements and

the usual thought process is such that the two are intermingled and decisions

are made on the basis of an unclear mix of the two. Hence, the reason for

poor repeatability because the mechanical elements, although simple, may

be numerous and therefore overpower the subjective elements, although

they may be few in number. In the above example, the subjective elements

are the relative importance of each subsystem and the "worth" of each level

of frequency of failure. The mechanical element is the "count" of the number

of symbols of each type for a given candidate automobile.
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The solution to the problem of formulating effectiveness rating f

functions for "difficult" situations of this type is to proceed as follows:

Identify and separate the subjective and the mechanical aspects

clearly and concisely.

*Carefully pinpoint and study the subjective elements and make

Judgements relative to these elements only. Carefully document-

these judgements and the reasoning behind them, if any.

Develop a numerical procedure for systematically combining A

the subjective and the mechanical elements to yield a rating for

a given candidate.

An example of the application of the above principles to formulate

an effectiveness rating function for automobile reliability based on failure

frequency data is presented in Figure 8. It is noted that the effectiveness

rating function in Figure 8 is based on the following subjective judgcments:

The "importance" (on a relative basis) of each subsystem (Wi).

The "worth" (D) of each possible reported ranking of failure frequency,

i.e., much better than average (8), better than average (0),

average (0), worse than average (Q), much worse than average (0).

The "range" of acceptable values for the attribute variable,

which was chosen to be a Record of Repair Index (R) obtained

as the sum of products of the importance (Wi) and the "worth" (Di)

of each subsystem for each year of reported data. This "range"

was obtained by choosing a "minimum acceptable" value for R

of -2.0 (from a possible "lowest" value of -4.0) and the maximum

possible value for R of +4.0, which is considered to be "ideal".

A linear relationship was chosen for rating candidate automobiles

whose Record of Repair Index (R) falls in between these two limits.
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-4.0 -3.0 -2.0 -1.0 0 -1.0 -2.0 3.0 4.0

Record of Repair Index (R)

R = .D, where
I

i Subsystem identification

Di - Reliability of subsystem i based on repair record.

D, takes on discrete value.s from +1.0 to -1.0 in

steps of .5, based on repair record as follows:

Symbol D Interpretation
CROSS + 1.0 Much better than average

0 SLASH -*--- +0. 5 Better than average

0 BLANK - 0 Average

Q BLACK .- h.-0.5 Worse than average

. BLACK -v----1.• 0 Much worse than average

W- Weight (importance) of subsystem i. The values of

Wi are chosen so that

W t 1.0 (100%)
I

Pigure 8

EFFECTIVENESS RATING FUNCTION FOR AUTOMOBILE RELIABILITY
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'4t is noted that once the above subjective judgements have been

made, together with the definition of the attribute variable (the Record of >1
R e.. indix, R) the rating of the reliability for any given candidate automobile

is -1t only purely mechanical, straightforward and systematic but it is also
peri Uiy repeitabe. It is suggested that the overall repeatability of the A .

rdtitrisS with.the inclusion of the subjective elements, is much higher

"with the use of this approach than it would be without it, i.e., on the

basis of a direct visual compariscrn of the falure frequently data for each

automobile. Furthermore, the above scheme for rating automobile reliability

not only ranks the candidates with respect to reliability, but it also indicates

"by how much" one candidate is "more reliable" than any other candidate

on a relative basis, which resplts from using the same rating procedure for,
each candidate. , :

A final comment on the above example involves the treatment of

missing data. The amount of data available may not be the same for all can-

didate automobiles. This may be due to the fact that some models may

have been introduced during the years for which failure frequency data was

collected, or insufficient data may be available for some models or for some

of the subsystems of some models due to inadequate user response. Since

the value of the attribute variable, the Record of Repair Index (R) must be

based on the same amount of data for all candidates in order for it to have

a consistent interpretation with respect to relative magnitudes, it is neces-

sary to fill in the "missing" data (whether real or artificial). The procedure

which may be adopted for filling in missing data depends .n one's attittrle .

toward data which is unavailable. That is, one can be an optimist and

assume that if the data were available, it would be favorable., or use the

argument that since the facts are not known it is "unfair" to assume that

the data would tend to penalize the system, On the other hand, one can be

a pessimist and assume that if the data were available, it would be un-

favorable, or use the argument that unavailabtlity of data is as bad as

available unfavorable data since the decision has to L ) made now and
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cannot be deferred until such time that data does become available. Another

possible approach, perhaps in between the above two extremes, is to use

some procedure which fills In the missing data with the "average" of the

available datn. If the missing data is for one or more entire year then

"one can determine a value of R based on 2 or 3 years and apply a scaling

ifactor (•cf 2 or 4/31 to convert it to an equivalent R based on 4 years of

dita.

Simplified lEMIs Based on Ranking -

The procedures described above for rating elementary factors and sub-

factorr may riot be practical in certain situations due to one of the following

roa sons.

* Quantitative data i; rKot available.

* A simplvi ndIt quicker rating procedure is warranted duo to the

relatively high level of the analysis, e.g., during the early
Sstages of the system life-cycle (such as during concept formula-

tion) .

The unavailability of sufficient time and/or funding for a detailed

a nalysis.

SThe ratings are based on highly subjctive attribute data which

require difficult J udg tment.

Instead, a simplifiod rating procedure is desired.

The simplifiod elementary [actor/subfactor rating procedure is based

on a ranking of the canrlidatt-s. This approach is relativoly fast and Atmplc

to uSe, however, some accuracy is sacrificed. The procedure consists of

two simple steps. rirst, the candidatos are ranked with respect to the

attribute, starting with one (1) for the "best", two for the "second best", etc.

The elcmntoary factor/suibfactor rating (R) is then determined from the

rl tonshp / whr

i Rank o1 the candidate

ni The, total number of onndihates
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In order to illustrate the use of the rating procedure based on a ranking

of camnidates and to point out the associated loss of accuracy, consider the

following example. The effectiveness of three candidate systems is being

evaluated for the effectiveness measure "Maintainability" in which one of

the elementary subfactors depends an the system attribute man-hours

consumed per year. H
Assume that the three candidate systems (A, B arnd C) have the follow-

ing values of this attribute:

"System Attribute (Man-Hours)

A 500

B 15

C 5

A ranking procedure, assuming that a lower man-hour requirement is

more desirable, would assign the following ranks to the above systems:

jyLm Attribute (Man-Hours) Rank

A 500 3 I

B 15 2

C 5 1

These rankings are then converted to effectiveness ratings In the rdinge

from 0 to 100% by the following relation:

Rating (Man-Hours) = (1 [System Rank (Man-Hours)])"Rain (MnHus I 00

The above relationship yields the following results based on ranking:

System Attribute (Man-Hours) Rank Rating (Man-hlours) -X

A 500 3 25

B 15 2 50

C 5 1 75
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These results indicate that the three systems are different and that

System B is "better" than System A and that System C is "better" than

System B. These conclusions are consistent with what one would expect

based on an examination of the raw data presented. However, the results

indicate an "equal" difference of 25% between Systems A and B, and between

Systems B and C. This conclusion contradicts what is intuitively expected I
on the basis of the raw data.

To illustrate the type of results provided by a rating which is based

on the absolute value of the attribute data rather than on a ranking, consider

the simple rating scheme which subtracts the relative magnitude of the

attribute (normalized by dividing each by 1000 man-hours) from 1.0, namely:

Rating (Man-Hours)= (1 Magnitude of Attribute (Man-Hours) 100%
"g(n1 - 1000

'ihr dXoOV, uvaluation scheme yields the following results:

S.Y 8 tAttribute (Man-Hours) Rating (Man-Hours) -9

A 500 so

B 15 98.5 '1
C 5 99.5

Thuse rY(sults agjln indicate that System B is "better" than System A a

-andu !hait 3yitc'i• C 'a ,."K.t"r" than System B. However, the results also

indicatc_ that the dificruncuc butwuon Systems B and A is much greater than

the diffurcncc betweun Systums C and B. This is more in accordance with

the typu of rcsults which arc intuirively cxpcted oi the basis of an examina-

tiun of th(e row data.

Comporisori of the otfectivuniss ratings based on a ranking scheme with

those based oi, the absolute value of the utt.lL•ti datd Indicates the essential

differonces and simillrities between thei• twQ methods of rating olomentary

factors. and subfdtaLors. Both method, aru c4 pable of answeiLig the question:
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which system is 'better" ? However, the conventional effectiveness rating

scheme is also capable of answering the question: "By how much?", whereas

the rating scheme based on ranking obscures degrees of difference between

the condidates.

Simplified ERFs Based on Qualitative Assignments I

... . The effectiveness rating functions discussed earlier are generally ,

based on having either explicit quantitative system/vossel attribute data

-- or qualitative/subjective data based on comparing all candidates to either I

a specified standard or to one another (ranking). A very simple type of

effectiveness rating function can be formulated on the basis of absolute

qualitative assignments based on subjective Judgements. An example of

such a rating function is presented in Figure 6 (f), which rates the adequacy

of the arrangement and labeling of instruments in an automobile. The rating

process simply consists of deciding for each candidate that the instrument

arrangement and labeling is characterized best as very good, good, poor,

very bad.

The procedure for formulating effectiveness rating functions based on

qualitative assignments consist of two simple steps as follows:

Choose a number of absolute qualitative levels or degrees of

"goodness" to characterize the system/vessel attribute under

consideration (e.g., excellent, good, acceptable, poor, un-

acceptable).

Determine the "worth", on the rating scale, expressed as a

perce ,ge ranging from 0 to 100%, of each of the qualitative

levels of ac .,eptability chosen to characterize any candidate

system/vessel combination.

It is noted that this approach for formulating effectiveness rating

functions has the advantage of being quick and easy to develop. It may

be used in a situation which requires a quicik preliminary analysis when data
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is either unavailable or the effort to obtain it is not warranted. This pro-

cedure may also be warranted when the atgribute data, even in the context

of a detailed analysis, is inherently qualitative and/or highly subjective.

This effectiveness rating procedure for elementary factors/subfactors may

-also be used as a last resort when all other approaches fail for any reason. A

disadvantage of this approach (as is the case with effectiveness rating functions

based on ranking) is that when used in conjunction with available quantitative

-attribute data, the degrees of differences between candidate systems are not

adequately reflected because the rating is not based on the actual value

of the attribute data but rather on a predetermined value. Another dis-

advantage is that this rating procedure is highly subjective and may result

in relatively poor repeatability.

A Generalization for ERFs

It is noted from the earlier discussions that the formulation of effective- I]
ness rating functions (ERFs) could be difficult, time consuming and may

require a great deal of ingenuity due to the variety of different types of ERFs. .

While the development of ERFs could not be reduced to a simple, mechanical

procedure requiring no investment of creative thinking, it is possible to I
outline a systematic procedure which can be followed to arrive at a formula-

tion of the desired ERFs. Futhermore, this systematic procedure is suf-

ficiently general to accomodate all types of ERI's usually -.n.eountered,

as well as the different types of effectiveness attribute data associated

with the different types of ERFs. As will be seen, this generalized approach

reduces the entire process of formulating EPr's to one of choosing an appro-

priate attribute variable as well as its lower and upper limits. All the rest

follows automatically.

The format of the generalized ERF is depicted in Figure 9. The

generalized ERF in (a) is used for attribute variables of a type for which a

larger value is more favorable (i.e., represents a "better" candidate) than

lower values, and (b) is used for attribute variables of the type that "reward"
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systeras which have lower values of the attribute variable. As will be seen Ii
shortly, the linear relationships of the ERFs in (a) and (b) do not ithply that the

ERF chosen will result in a linear relationship between the elementary

factor/subfactor rating (R) and the associated raw systerVvessel attribute I
data. Non-linear relationships are readily established by the proper choice

of an appropriate attribute variable (z).

As was ipdicated previously, the important issue is the formulation of "

the attribute variable z which in turn could be a function of one or more A

system/vessel characteristics or attributes. The concepts Involved can 1
best be described through a number of examples.

Consider first the case in which the attribute variable is a function of

a single system/vessel characteristic x. As an example, the system/vessel

characteristic or raw attribute data x could be the holding time of a WMS

expressed as a percentage of the maximum holding time required for the

vessel. if one did not have a strong opinion regarding the "worth" of

holding times less than 100%, then one might choose to use a linear

relationship between holding time and effectiveness rating, R, by relating

the attribute variable z to the system characteristic x linearly, i.e,,

z= X

This yields an ERF of type (a) in Figure 9, in which a 0, b 100 and a

functional relationship of the type

R= z= x, SOxS100

If, however, one felt that a holding time close to 100% is "worth" a lot arnd

hence candidate systems should be greatly "rewarded" for "good" holding

times, then one might decide to relate the attribute variable z to the system

characteristic x by

z X
228



This yields an ERF of type (a) in Figure 9, in which a =0, b =10, 000 and
a functional relationship of the type

10 Xx A0
109000 1001o

If one felt even stronger about the value of "good" or "poor" holding times,
-then one could emphasize differences in system hold {ng times-even to, a.
greater extent by using the relationship

Z Xn j

The resulting ERF would then be (with a =0, b 10

R 100 Zn 0 X-- 100
1-00~x10

Another way to accentuate differences Is to use an exponentital relationvhlp
between holding times and system ratings by chyjosing a relattpns~ip of Ole
type Z',. ~ ~ *;~

X .
z e

110The resulting ERF would be (with a 1, b

10010(e -1) ,1 Z5c

100 x
100

(e )
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On the other hand, if one felt that changes in holding times from system

to system should be deemphasized, then one could choose a relationship

of the type

-Z~-

which would result in an ERF of the type (with a= 0, b a = 10)

100R=- z = 10 / 0-Ex-.00 10"10

- i'----urther deemphasis can be obtained by using a relationship of the type

z = --, n= 3 4......

which would yield an ERF of the type (with a = 0, b ' /i 0)

1 = 100 Z= OvxlOO

Even greater deemphasis can be obtained by relating z and x logarithmically

856 follows:

- log (x + c), where c is an arbitrary positive constant

This would result in an ERF of the type (with a = log c, b log (100 + c))

R100 (z-logc), log cSz slog (t00+c)log (100+c)-log C

*1, 100
(Log (x.i+c) - log c)

100 log (+I )

'(x100

In the above examples, x was assumed to be a continuous variable.

However, the procedure outlined above for ERFs is sufficiently general to

accommodate system/vessel attribute data which are represented by discrete

variables. 230
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A generalization of this procedure is provided by the situation in which

the system/vessel attribute data consists of a set of numbers xi, i = I, 2... n

(e.g., the number of parts required from each category I or historical data

representing equipment failure times). The attribute variable may be

chosen as the average value of x, 1.e,

z = x --- : x1

th
or the k moment of x, i.e.,

z = xi , k =2, 3,

1= 1 n

Another possibility is to apply a weight to each value of xI (e.g.,

the average periodicity of maintenance activities weighted by the duration

of each activity) and use an attribute variable of the type 1
n x

z= 1

1=1I-:

As a further generalization of the approach for formulating ERFs,

consider the situation in which the systeanvessel attribute data is i o
characterized by two (or more) variables. ?n example of such a situation }

may be an ERF for evaluating the personnel safety of candidate system/vessel

combinations with respect to a given hazard. The safety may be characterized

by the following two variables:

x- The likelihood of the occurrence of the hazard, which takes
on any one of a specified set of n discrete numbers

Y- The intensity level of the hazard, which takes on any one
of a specified set of k discrete numbers
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The attribute variable can be chosen as a Hazard Index defined as

z x iYt

It is clear that z is a discrete variable which can take on any one of n(k)

-values. The generalization of this procedure to more than two variables i

Sis obvious.

In the above examples, the procedure for formulating an ERM consists

of proceeding as follows:

Choose the functional form of the attribute variable z in terms of
oI

the x 1 , i.e., choose the functional form of

z f(xlb x ,... x)
1'2 n

* Determine the ERM type which is applicable, i.e., either type (a)

or (b) of Figure 9,

. Determine the lower and upper limits of z, a and b, respectively.

The lower limit will yield a rating R of 0 and the upper limit will

yield a rating R of 100%, or vice versa.

100
Draw a straight line with slope -'- for the relationship of the

rating R in terms of the attribute variable z in the range a to b.

This graph or analytic expression can then be used to rate any

candidate systenVves se l combination.

It is noted that, since only two axes are available for displaying the

ERF, the functional relationship can be pictorially shown only in terms of R

and the attribute variable z. In the examples where z was a function of a

single variable x (continuous or discrete), it is possible pictorially to display

the rating R as a function of either - attribute variable z or the system/vessel

eharacteristic x.
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A Desirable Property for Attribute Variables

Having developed a generalized and systematic procedure for formu-

lating ERFs, it now is necessary to discuss a property of attribute variables

which is very desirable and hence every effort should be made to ensure

that it is accommodated when choosing an attribute variable. The purpose

of this property is to facilitate a systematic development of the necessary

subsystem attribute data in a convenient format which can then readily be

used for evaluating candidate system/vessel combinations which are made

up of either different combinations of subsystems or duplicate systems.

The desired property is the ability to establish a functional relation-

ýship for the attribute variable of any candidate system/vessel combination

in terms of the attribute variable of its constituents or duplicate systems.

Thus, if z1 , z 2, --- z represent the same type of attribute variable for j
different subsystems or duplicate systems, then the attribute variable, 7,

of the entire system/vessel combination is given by

V~~1 z2' ... ,n

Some examples of possible attribute variables which have this

property are as follows:

z Z +wz + + Z where*

:1 2zi x 2,j where

x may represent the duration of each maintenance action, number of parts of

type i required, etc., for a subsystem or for one of the multiple systems

More generally z can be of the form zi =?f (xi)
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z Max (zlZ2 ... Zn), where

z . Odor level or hazard level of a subsystem

z =Min (z1, z .. z). where•
2' n

z - Ability of subsystem to handle additional
-IIpersonnel, foreign materials, etc.

Z = I n z where

J=l

z = e j

etc.

It is noted that an attribute variable based on an average or a higher

order moment, i.e., n
-- ,,-• : z~ x = n xl.. i

or

n-- , k = 2,3,...

does not possess this desirable property. The approach to be followed li-,

situations of this type is to compute and store two (or more, as required)

parameters for the attribute variable of a subsystem and "pass" these

parameters into the expression for the attribute variable of the system.

Thus, in the above examples, one could compute and store the two values

n

n, and x1I=I

or

n "
n, a nd F,<
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The attribute variable for the entire system composed of two sub-

systems can then be obtained from the above parameters as it
1 n . n2

Z =f (ZlZ X n+nz 1
D 2( =1 J=ln

The extension of this approach to r•ttribute variables of the type
n n

Or >

k1=1

is obvious.

There are, however, attribute variables for which this property does

not hold. Some examples of such functional relationships are

loz = X-k +

2

z= X

etc.

The procedure to be followed in cases of this type is to preserve

the raw system/vessel characteristic x of the subsystem or of one of the

multiple systems and to "pass" this attribute data into the expression for

the attribute variable for the entire candidate system configuration.

DEVELOPMENT OF EFFECTIVENESS ATTRIBUTE DATA

The type of system/vessel effectiveness attribute data required for

the quantification of effectiveress is completely defined by the attribute

variables absociated with the ERFs for each elementary factor/subfactor.
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* I However, it is noted that the formulation of the attribute variables has to

take into account the availability (at a reasonable expenditure of time,

effort and funding) of the required data as a basis for "measuring" the

pertinent system/vessel characteristics. Thus, although formally one

'may view the development of ERFs and the development of effective-
..ess attribute data as independent efforts, In.practice these two efforts Z

need to be carefully coordinated in order to ensure a proper match between A
data required and data which can readily be made available. On the other

hand, it is also important to ensure that the attribute variables chosen

make full use of the data which is available (or can readily be made avail-

oble) so that no data is "wasted" by not being -used.

An effectiveness assessment of the viable candidate system/vessel

combinations generally Is broad in scope and will thefefore encompass

almost all pertinent characteristic- or attributes of the available candidates.

As a result, effectiveness attribute data will usually cover the entire range

of nhysical c'haracteristics (e.g., weight, volume, maximum height),

installntion characteristics (flexibility of routing piping, effect on vessel

stability, vessel resource requirements, etc.), performance characteristics

(effect of peak l)ads, ability to handle foreign objects, ability to meet

effluent standards, etc,), systerr, support (i.e., operating,/mnaintenance)

characteristics (e.g., degree ol automated operation, operation and maintenance

personn- I time/skill/training requirements, consumables and replacement

part requirements), safety/habitability characteristics (e.g., presence/

likelihood/intensity of various hazards to personnel, intensity of odors/

heat/noise), reliability characteristics (e.g., failure frequency,

amount of redund&r:-,y, equipment ratings, equipment 'failure independence,

ability to restore failures without Ititerrupting system operation), etc.

Effectiveness attribute data can be system dependent only (e.g.,

odor, noise, maximum height, effect of foreign objects) or it can be
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system/vessel dependent (e.g., effect of system on vessel stability/trim

and list/range/resources, ease of routing piping, the required vessel

resource supplies, suitability of system for vessel, ease of installation,

system configuration redundancy).

System/vessel effectiveness attribute data can be categorized into

two broad classes as being either quantitative or qualitative/subjective. 4

Quantitative attribute data can further be classified as being continuous,

discrete, or quantized (i.e., continuous data which is deliberately grouped

into predetermined ranges). Qualitative/subjective data can be classified

as being based on subjective comparisons to an assumed standard using

a set of predetermined levels or being based on absolute subjective

qualitative assignments using a set of predetermined levels.

QUANTIFICATION OF EFFECTIVENESS

The previous discussions of the effectiveness model and the guide-

lines for developing the various elements of this model were not addressed

primarily to the problem of quantifying effectiveness, although reference

was made to it as being an objective of the model. Instead, the focus of

attention was the development of a framework of criteria and indica-

tions of the importance of these criteria in relation to one another.

However, once the effectiveness model and the associated effectiveness

attribute diata have been developed, the quantification of effoctivwnnss'

is, in principle, a straightforward and essentially mechanical procedure

(although the computations necessary are too numerous and burdensome to be

performed manually).

The key elements in quantifying effectiveness are the following:

The structure of the effectiveness model, i.c., the M/Es,

the M/E factors/subfactors and their associated lev.ls of

subordination.

* The weights of the M/Es and of the factors/subfactors.
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pI
The effectiveness rating functions.

The effectiveness attribute Iata.

The basis for the quantification is the association, with each

candidate, of numerical ratings (R) for the overall effectiveness (E), for

-each measure of effectiveness (M/E), for each factor (F), and for each

_subfactor (SF), including the elementary factors/subfactors (F /SFe). "
Se e

These numerical ratings are indications of the degree to which each

-candidate satisfies the relevant criterion. In addition, each M/E,

fac-or and subfactor, has a numerical weight (for relative importance)

associated with It. Thus, the elements of the effectiveness model

structure are characterized by either one or two numbers as follows:

E w - O--- - R E

R W
sr k R 1jk Wj k

e Apk R, Rk, WieF e/ S F e -- , -w
e e

The procedure for performing the quantification is illustrated in

Yigure l0. Figure 1Wsummarize5 thwe st-eps of th'- qu_-ntification procedure

beginning with the effectiveness attribute data and ending with the overall

effectiveness rating, showit•9 the role of each element of the effective-

ness model in this quantification. The different sources of effectiveness

attribute data are also indicated.

The quantification starts with the elementary factors/subfactors,

which have cffuctivwness rating functions associated with them. The use

of effectiveness attributc data for a specific candidate system/vessel

combination yield a ralnrig for each elementary factor/subfactor. These -u
ratlngý; are multJplied by their associated weights and the sum of these
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products represents the rating for the next higher level factor/subfactor I :•_

rating. Similarly, the rating for e.ach M/E is obtained as the sum of

products of the factor ratings and the associated factor weights. Final'y,

the overall effectiveness rating for any candidate system/vessel corn- j
bination is obtained as the sum of products of the M/E ratings and the 4

associated M/E weights. The numerical manipulations are performed

by a computer program which accepts as an input the structure of tVe

.effectiveness model, the weights and the elementary factor/subfaýtor

ratings.

SUBJECTIVE JUDGEMENT, REPEATABILITY AND VALIDITY OF RESULTS

It is noted from the foregoing discussions that subjective Judge-

ments*of the analyst play a prominent role in the developmen, of 7RFs

as well as the effectiveness model structure and the associated weights.

Thus, such subjective Judgements become an integral part of the resulting

ERFs and are therefore reflected in the effectiveness ratings of candidate

system/vessel combinations for the elementary factors 'subfactors (and

subsequently the M/E ratings and the overall effectiveness ratings).

This raises a potentially serious question regarding the meaning

and validity of the results. Thus, if the effectivoness ratings are dependent

on the particular analyst conducting the study, then it might be inferred

that if different decision makers conducted the analysis, different results

might be obtained, i.e., the results are not necessarily repeeatsble across

different analysts. Such an a priori conclusion regarding the seeming lack

of "stability" of the results, may be alarming or disturbing and may prompt

questions as to the identity and source of the "real" or "true" ERFs. It is

noted that a similar issue can be raised regarding the structure of the

effectiveness model and the associated weights.

It is noted that "subjective judgement" is somewhat of a redundancy since
it is questionable whether there is such a thing as "objective judgement".
Thus, if the Judgement were purely objective, it would imply that the same
conclusion could be arrived at by logical deduction, in which case, it
would not be a Judgement but rather a determination and, in fact, could be
performed without human intervention - e.g., by a computer.

a .240



The resolution . this apparent dilemma ties in the nature, definition, 4
and intent of an effectiveness analysis. It will be recalled that effective-

ness was defined as inherently being subjective in nature and dependent

on the decision-maker, i.e., effectiveness is what the decision-

maker says it is, or, effectiveness is in the eyes of the beholder.

Although this may seem like a circuitous and self-serving definition

of effectiveness, it is noted that it corresponds to the manner in which

decisions are made by individuals whether in their personal lives or in

making consequential decisions based on highly technical information.

In fact, making a decision, by definition, implies the exercise of a sub-

jective and judgemental faculty, rather than a process of arriving at a

conclusion on the basis of some objective set of rules. Thus, for example,

it would not be meaninghul to ask someone to decide whether system A

weighs more than system B. Rather, one can be asked to determine whether

system A weighs more than system B. On the other hand, one cannot

determine, but rather one would have to decide• whether one system aspect

is more important, better, nicer, worthier, preferred, etc., than another.

Another point to keep in mind in connection with the nature of the

above dilemma is that a numerical quantity fur effectiveness is not meaning-

ful in an absolute sense but only in a relative sense. Thus, regardless of

the specific numerical assignments that are made, as long as they are con-

sistent, differences among candidate system/vessel combinations can be

brought out. This is the basic purpose of an effectiveness analysis.

An effectiveness analysis is not In itself a decision-making process.

Instead, effectiveness analysis is a tool which the decision-maker can

use to obtain the information he needs in a systematic manner and organize

it in a convenient form for use by him in the decision-making process.
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SOME CHARACTERISTICS AND FEATURES OF THE EFFECTIVENESS ASSESSMENT
M ETHODOLOGY

The effectiveness assessment methodology developed as part of this

study has been found to be applicable for quantifying thu effectiveness of

candidate system/vessel combinations at several levels of detail. It thus

--.enables a decision- maker to compare candidates with respect to different

individual aspects of effectiveness as well as the overall effectiveness.

If used properly, this methodology can serve as a useful analytic tool ior

cost-effectiveness studies, trade-off studies, sensitivity analyses, etc.

Some of the relevant characteristics and features of this methodology are

as follows:

. It can accommodate all considerations of interest to the decision-

maker.

* It synthetizes technical and objectively determined quantitative

system./vessel data with qualitative system/vessel itifurtniation

and subjective judgements of the decision-maker.

It is highly flexible with respect to the range and magnitude of the

problems it can accommodate. Thus, the analysis can be either

very detailed and comprehensive which may be suitable for large-

scale systems, or it can be much smaller in scope and less

detailed as warranted by the objectives of the study and the

data available.

It provides results at several levels of detail. Effectiveness ratings

for each candidate are provided on three levels as follows:

An overall effectiveness rating

A rating for each effectiveness measure

A rating for each elementary factor/subfactor

It provides a means of determining the effect of changes in data,

assumptions, subjective judgements, etc.
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It has been found that application of the methodology tends to

clarify issues, may result in a fresh outlook and often new

-insights are gained, even by knowledgeable individuals who

a•are familiar with the problem. This is due to the following

aspects of the methodology:

Effectiveness is defined in terms of, and directly related

to, the objectives, requirements and constraints of the

problem.

Development of the structure of the effectiveness model

requires the determination of overall assessment criteria

followed by a systematic and successive breakdown of

each overall criterion into constituent sub-criteria. This

process results in an in-depth examination of the problem.

Thus, issues which have either been overlooked or which

were vague and ill-defined are identified and resolved.

The need to assign a weight to designate the relative

importance of each criterion encourages reflection on the

basic issues pertaining to the objectives, requirements,

etc.

Development of effectiveness rating functions results in

consideration of the relevant requirements, constraints, the

type of data available, the level of detail of the analysis,

and 'identification of the Judgements used in deciding what

is desirable as well as undesirable.

PROPERTIES, INTERPRETATION AND USE OF EFFECTIVENESS RATINGS

Meaning of Effectiveness Ratings

Although the overall effectiveness rating of a candidate is a number

in the range of 0 to 100%, it cannct be legitimately interpreted as a prob-

ability. Instead, the rating should be interpreted as a measure of the overall
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quality or "worth" of the candidate, determined as a weighted average of

all considerations, i.e., the extent to which the aggregate of all theI

individual criteria are satisfied, weighted by the importance of each one

relative to the others. Also, overall effectiveness ratings are to be used

mainly for comparing candidate systems rather than in an absolute sense.

Similarly, the ratings of candidates with respect to individual M/Es

are not to be interpreted as probabilities. It is especially important to

keep this in mind when considering M/Es whose attributes or character-

istics are usually given as probabilities.

Examples of such M/Es are "RELIABILITY" and "MAINTAINABILITY"

whose ratings for a given candidate system do not have the usually used

interpretation of being the probability that the system will not fail for a
given period of time (Reliability) or the probability that the system will be

restored within a given time interval (Maintainability). Instead, the ratings

of candidates with respect to these M/Es are to be used for comparing the

Reliability and Maintainability of the candidate systems. Furthermore,

these M/E ratings may be based either entirely on objectively determined

quantitative data or partially on such data and partially on qualitative

system information and subjective judgements. Hence, it is important to

be aware of the distinction between the Reliability and Maintainability of

a candidate system, which are characteristics or attributes of the system,

* and the effectiveness ratings of the systom for the M/Es "RELIABILITY" and

"MAINTAINABILITY'; wh'ich include subjective judgements pertaining to such

issues as %what constitutes minimum acceptable and ideal levels as well

as the "worth" of intermediate levels of the values for these attributes. It

is noted that the Reliability or Maintainability of a candidate system, i.e.,

the associated probability values, may serve as an input (i.e., the attribute

variable in the effectiveness rating function) in rating the system for the

M/Es "RELIABILITY" and "MAINTAINABILITY", but the rating may be basedw
on other inputs as well. If these probabilities are used as the attribute

variable and a linear relationship is used as the basis for the effectiveness
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rating function (ERF), then the ratings for these M/Es take on the values

of the system Reliability and Maintainability characteristics.

The Effect of Weights and Levels of Subordination

Variations in overall effectiveness rating (RE) across candidate systems

are generally of smaller magnitude than variations in ratings with respect

to any one M/E for different systems. Also, a variation in the value for

overall effectiveness rating of a system is much more significant than

a variation of the same magnitude in the system rating (Rt) with respect to A- ;

any one M/E alone. The reason for these two conclusions is that the overall

system effectiveness rating is obtained as a sum of the weighted system

ratings with respect to the M/Es. Since the weights are all in the range of

o to 100% (and their sum is 100%), they tend to smooth out (and sometimes

swamp) the variations in M/lE ratings. Thus, a very large variation in any

one M/E rating must occur in order to have any significant effect on the

overall effectiveness rating (if everything else is held constant). And, in

order to produce a large upward (downward) variation in the overall effective-

ness rating, extremely large upward (downward) variations in the ratings

with respect to several M/Es must occur simultaneously (if no other varia-

tions occur).

The above conclusions can be simply illustrated with some numerical

examples. Thus, a 10% change in a system rating with respect to an M/E

which has a weight of 10% will result in only a 1% change in the overall

effectiveness ating for that system. Similarly, even for an M/E which has a

weight of 25%, a 10% change in the system rating with respect to this M/E

will result in only a 2.5% change in the overall effectiveness rating for this

system.

Since each MWE which is represented in the bffectiveness model is

generally weighted in such a way that it alone does not dominate the overall

effectiveness rating, it is necessary to exercise some caution in using the

overall effectiveness rating values for making decisions. This indicates
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the importance of examining the individual M/E ratings of a candidate in

addition to its overall effectiveness rating.

Similar conclusions can be drawn with respect to the effect of factor

weights on the corresponding M/E rating and the effect of subfactor weights

on the corresponding factor ratings. In addition, this effect is multiplicative

when more than one level is considered. It is noted that this is not an

unexpected result and it is consistent with the fact that, generally, as the

number of considerations determining the outcome of a decision is increased,

the influence of any one consideration on the decision must, of necessity,

decrease. Thus, the overall effectiveness rating is less sensitive to varia- A

tions in factor ratings than it is to similar variations in M/E ratings, etc.

On the other hand, it should be kept in mind that the overall effectiveness

of a system is defined in terms of the aggregate of all criteria rather than

in terms of any one criterion, and the weight assignments for relative

importance imply the manner in which the decision-maker is willing to

trade-off one criterion (consideration) for another one.

Use of Effectiveness Ratings

Effectiveness ratings reflect the characteristics and features of the

effectiveness assessment methodology discussed earlier and hence the

resulting effectiveness ratings should be interpreted accordingly. Following

are some guidelines for the use and interpretation of the overall effectiveness

ratings as well as the ratings for each M/E.

The effectiveness assessment methodology does not in itself

constitute an automated decision process which eliminates the

need for a decision-maker. Instead, the effectiveness assessment

methodology Is a tool to be used by the decision-maker as an aid

in analyzing and evaluating the candidates. As a result, the

effectiveness ratings should not be thought of as automatic indi-

cators of the effectiveness of the candidates independently of the

decision-maker so that the necessity for any further considerations

is eliminated. Instead, since effectiveness ratings represent the
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quantitative result of the synthesis of objective and subjective

system information, assumptions, requirements and the sub-

jective judgements of the decision-maker, they should be used

as a basis for making comparisons, trade-offs, analysing the

effects of changes irn data and/or assumptions, etc.;.

Effectiveness ratings should not be used as the basis for deter-

"mining the viability of potential candidates. Such a determina-

tion must be made prior to the effectiveness analysis as

part of a preliminary analysis on the basis of gross considera-

tions, (i.e., minimum requirements) to eliminate non-viable

candidates. As indicated in the discussion on the effect of

weights on ratings, the effectiveness ratings are not adequate

for providing the type of gross differences between candidates

which are required for a preliminary analysis.

The effectiveness ratings are most meaningful when used and

interpreted in the context of the effectiveness model. Hence,

the more familiar one is with the effectiveness model, the more

meaningful are the ratings.

Although the overall effectiveness ratings of a candidate are the

most important and most often used indicator (figure of merit) of

the effectiveness assessment, the individual M/E ratings for the

candidate should also be examined and the reasons for either

poor or high ratings should be understood. These M/E ratings

may sometimes provide a rationale for a decision which overrides

the importance of either a low or a high overall effectiveness

rating.

The overall effectiveness rating of a candidate is a quantitiUivc•

indication of its overall quality and hence is a conwvcnient fi9t.rr.

of merit which can be used as a basis for comparing and o."

ranking the candidates being considered.
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Although the effectiveness ratings are most meaningful in a

relative sense when comparing candidates against one another,

rather than in an absolute sense, the rating for a candidate may

be used as a rough indication of how well or how poorly the can-

didate is likely to fulfill the established goals and requirements.

Thus, an overall effectiveness rating of 100% means complete

satisfaction of all stated goals and requirements. Hence, if the

overall effectiveness ratings fur all candidates are low, and

:especially if the variation among them is small, it may be the

basis for a decision that none of the available candidates are

acceptable since the objectives and requirements are not likely

to be met by either one of them. Prior to forming such a con-

clusion, one should first re-examine the effectiveness model used

to ascertain that it is a reasonable conclusion. The extent to which

effectiveness ratings can be used in an absolute sense rather

than in a relative sense depends largely on the nature of the

elementary factor/subfactor effectiveness rating functions (ERFs)

used. Specifically, the important consideration in this regard

is whether the rating is based on comparison of the attribute

data to an absolute value or it is based on comparing all other

candidates to the candidate having the largest (or smallest) value

of the attribute variable, i.e., a rating based on scaling. ERFs

based on comparison with an absolute value yield an effectiveness

model which lends itself more readily for using effectiveness

ratings as a basis of direct comparison of candidates with objec-

tives and requirements, than do ERFs which are based on scaling

procedures. On the other hand, it is usually more difficult to

formulate ERFs based on comparison with an absolute value,

since it generally is not obvious or easy to find a basis for estab-

lishing the level of such an absolute value.
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The interpretation of effectiveness ratings should be guided by

the following considerations:

An elementary factor/subfactor rating of zero for any can-

didate does not imply that the candidate, as a whole, is - I
unacceptable. Instead, this should be interpreted as meaning

that a particular aspect of the candidate (among many others

being considered) which is represented by the given ERF is

not acceptable. This point is best illustrated by an ERF

which has two discrete values only, namely, 0 and 100, and

which usually arises from a yes or no question.

Overall effectiveness ratings as well as individual M/E ra~in,•

should be interpreted in the context of a weighted average of

multiple considerations, Hence, as was pointed out in the

discussion on the effect of weights and levels of subodination on

ratings, no one consideration can generally dominate these ratinus.

Since the overall effectiveness rating (or even individual

M/E ratings) will generally not be sufficiently sensitive to

variations in ratings for individual considerations (i.e.,

criteria) which are of special interest to a decision-maker,

it is necessary to make special provisions for drawing

attention to such individual considerations, An effective

way of accomplishing this is the technique of "flagging"

the criteria of interest by listing the effectiveness ratings

for them in a prominent position when presenting the results

of the analysis. In the candidate system/vessel combina-

tions analyzed as part of this study, the holding capacity

of each system for black and gray wastewater was thus

flagged by listing the ratings for these two criteria in tables

showing the results of the analysis.
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COMPUTER PROGRAM FOR QUANTIFYING
THE EF.FECTIVENESS OF CANDIDATE SYSTEM

VESSEL COMEINATIONS

This sectioni of the report documents the computer program for-

quantifying eftective~iess. It consists of the following:

A sui.-nary of the iogrj&.a features, limitations, and input require-

ments. .

* Instiuctions for preparing the, input,

A sample problem. The sample p:roblem consists of the viable

candidate -3ystem vessel combinations included in this study.

Since these candidate syst':m/vessei combinations are discussed

in detail in this volutme as well as in the other volumes cf this

report, no furhef discussion of the problem appears in this

section except a listing of the actual input to the computer pro-

gram.

A description of the program including overall and detailed

program flowchartz.

Program listings (card .mages).
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ISUMMARY OF PROGRAM CHARACTERISTICS

Output Format

A sample output of the computer program for quantifying the effective-

-viess of candidate systems/vessel combinations is presented in below.

-Some of the Important features and contents of the output are as follows:

A separate page is presented for each vessel and all candidate

systems are listed on this page,
e i

C iVessel identification by user specified designation A
, Candidate system identification by user specified designat~ion

Effectiveness ratings (given as a A in the range of 0 to 100

rounded to the nearest percentage point) for each candidate

system on the given vessel as follows: A

,. Overall effectiveness

Rating with respect to each measure of effectiveness

(M/E) which is idcntitied by vier specified designation.

The weight for each M/E 4given in parunthesis; under each M/F`

as a % in the range of 0 to I00 rounded to the nearest percentage

point).

Identification vf ,ion-viablQ -0ystem/vessel combinations

(designated by N/A in thL Oly aLt,

Proram Featires

Some ol the important features of this computer proqr.Ir are as 'ollows:

The output is presented on a p.r vessel basis. l'ot each v,,ss.l

the output presents inIormatiol, on C- ach cndiidati systi m (ratings;

(r-r each M/I, M/A weiaht, overall ý:ftectlv,,nv! s rath.g, non-

v+iab , -- vrstoi* lv siel combinitlins).
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The numbeir of vessels and the number of candidate systems -
are variable input parameters for the program.

Vessels, candidate systems, and M/Es are identified in the

output by user specified designations.

Masking capability for designating non-viable system/vessel

combinations.

M/E weights must be vessel and system independent

Factor/subf actor weights must be system independent but may

be vessel dependent. if any factor/subfactor weight is vessel

indepdent, this fact can be conveyed to the program and only

one weight need be specified.

Effectiveness ratings of elementary factors/subfactors arc,

system dependent and may also be vessel dependent, If

these ratings are vessel dependent this fact can be conveyed

to the progrorm and a separate set of candidate system ratings

must be given for each vessel.

Unique identification of all input cards. In particular, every

factor/subfactoi weight and rating card is uniquely identified,

not only with respect to level of subordination but also with

r(cpect to the M/L it belongs to and its sequence within the

M/E (which conveys effectiveness model structure information

to the proxjram). Thus, if input cards are accidentally misplaced

within the input deck, the computer program will rearrange them

(internally) in the correct sequence.

Error checking capability as follows:

A check that input data is provided toi ail vessels (I.e.

factor/subtactor weights) and all candidate systems (0. e.

elementary factor/subfactor ratings).
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A check that all M/E weights, all factor/subf actor

weights, and all elementary factor/subf actor ratings

are legitimate numbers, i.e., numbers in the range of

0 to 100% rounded to the nearest percentage point.

-A check that the sum of all M/E weights is 100% and a

-check that the sum of the factor/subfactor weights at

every level of subordination is 100% in every M/E.

A check that candidate system/vessel ratings are pro-

vided for every elementary factor/subfactor and that no .....

superfluous ratings are provided.

If an error is detected in the input data, the program will produce

an error message, indicating which vessel, system, or M/E the error is

associated with. Also, if appropriate, the punched card associated with

the error will be reproduced.

Pr:2!ram Limitations

The program limitations with respect to the maximum values for the

various input parameters are as follows:

Number of vessels - 20

* Number of candidate systems - 30

S* Number of M/Es - 15

* Number of levels of subordination within each M/E - 5

Number of factors/subfactors of the same level at any given

level of subordination - 9

The inputs to the computer program required in order to quantify

the effectiveness of candidate system/vessel combinitious are as lollow!.:
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The number of vessels (limited to 20) and the number of

candidate systems (limited to 30) given on N cards.

Vessel identification (assigned number and name designation)

given on V cards.

Candidate system identification (assigned number and name

designation) given on S cards.

Identification of non-viable system/vessel combinations

given on K cards.

M/E identification (limited to 15), including the following

information and constraints (given on M cards):

Assigned M/E number

M/E name designation

M/E weights, subject to the following limitations:

- MI/E weights are system and vessel independent

- M/E weights are given as a % in the range of 0 to

100, rounded to the nearest percentage point.

- The sum of all M/E weights must be equal to

100%, i.e., W l

_l IV!/I~ t "

lffectiveness model tstilut.itut, Idutncatilon and weights for

every factor/subfactoi within each M/E; (given on W' cards),

including the lolmwinyg iidormatlon an'.i constraints:

. . The ass;igned 1IurP'd rOf 00the hM/f

The current and all prior levels of subordination (limited

to 5 indu niuire si within the M/1, and the scqu'ncle number

(limited to 9) at the current ICevel o! subordination of each

facto,/suLhfactor. This infotmaltion is given as a t-mingle
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11
number from 1 to 5 digits (each digit ranging from

1 to 9) and uniquely identifies each factor/subfactor

as well as the structure of the effectiveness model

with respect to the hierarchy of the factor/subfactor

levels of subordination.

The weights for each factor/subfactor within each M/E-

subject to the following limitations:

- Factor/subfactor weights must be system independent

but may be vessel dependent. 3
-4

- if the weight for any given factor/subfactor is vessel

independent this fact can be conveyed to the computer

program and only one weight is specified.

- If the weights for any given factor/subfactor are

vessel dependent, they must be specified in the

sequence corresponding to the vessel number

assignments.

- Factor/subfactor weights are given as a % in the

range of 0 to 100, rounided to the nearest percentage

point.

- At any given level of subordination, the sum of all

factor/subfactor weights at that level (and for each

vessel if the weights are vessel dependent) must be

equal to 100%, i.e.,

IW 1 = 00 At any level of sub-
All factors/ ordinatlon arid forAl factors/ each vossel
subfactors
at the same
level
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Effectiveness ratings for every elementary factor/subfactor

within each M/E (given on R cards), including the following

information and constraints:

The as! .gned number of the M/E

The number which uniquely identifies every elementary

factor/subfactor within each M/E (must match the correspond-

ing number on the W cards).

Effectiveness ratings for each elementary factor/subfactor,

subject to the following limitations:

- Elementary factor/subfactor effectiveness ratings are

system dependent and may also be vessel dependent.

- If the ratings for any elementary factor/subfactor are

vessel dependent, this fact must be conveyed to the I
computer program by identifying the corresponding vessel

number of each set of candidate system ratings (specified

for each vessel separately).

- Elementary factor/subfactor effectiveness ratings for

each candidate system are given in the sequence

corresponding to system number assignments.

- Elementary factor/subfactor effectiveness ratings are

given as a % in the range of 0 to 100, rounded to the

nearest percentage point.

25
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INPUT PREPARATION

The program requires seven types of input cards. They are: ' 1A

N - Defines the number of systems and vessels applicable
to the problem,

. S -Contains the number and name of each system.

• V - Contains the number and name of each vessel.

* K - Contains the systems to be masked for each vessel.

* M - Contains the measure number, weight and name.

W - Contains the weights applicable for each factor or sub-
factor for each measure.

. R - Contains the ratings applicable for each elementary
factor or subfactor for each measure.

The following paragraphs specify the preparation procedures to be

observed for each Input card type. A pictorial lEyout of all the card

types, a coding shect for type R cards, and a suggested sequence for

the input are included at the end of the discussion.
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N Cards

The N card contains the number of vessels and the number of sys-

tems involved In the problem. Only one card is to be prepared. This

_-card type is required. The following table provides the rules for its

_ I0S;•pre par~ation. ... ...

Col. No. Field Name Enter the Following Data

..- 2 -.No entry raquired

3 Card Code The letter N I
S•4-8 No entry required

9-10 Number of Vessels Enter the number of vessels
(limited to 20) applicable to the
problem.
Right justify and zero fill.

"1: INo entry required.

12-13 No. of Systems Enter the number of systems

(limited to 30) applicable to the
problem.
Right justify and zero fill.

14-80 No entry required.
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S Cards • ,

One S card is to be prepared for each system applicable to the

problem. Each system is to be assigned a unique number in the range

of 01 to 30. These numbers should be assigned in the sequence the user

"wishes the systems to appear on the output report. System 01 will appear

as row 1 and system 30 will appear as row 30. The following table pro-

vides the rules for the preparation of the S cards: •

Col. No. Field Name Enter the Following Data

1-2 System Number A unique two-character numeric
in the range 01 to 30. Right
justify and zero fill.

3 Card Code The letter S.

4-6 No entry required.

7-34 System Number The two-character system number, 1
and Name a space, and the system name

(25 characters) which will appear
on the output report.

35 No entry required.

36-80 Full System Name Any further description of the
system required for identification
purposes only. This entry is
optional.
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V Cards

One V card is required for each vessel applicable to the problem.

Each vessel is assigned a unique numiber in the range of 01 to 20. These -

numbers are to be assigned in the seauence the user wishes the vessels to -

appear in the output report. Vessel 01 will appear on page 1 and vessel 20

will appear on page 20. The following table provides the rules for their 4

preparation.

-. Col. No. Field Name -Enter the Following Data ,

1-2 Vessel Number A unique two-character numeric
in the range 01 to 20. Right
justify and zero fill.

3 Card Code The letter V

"4-80 Vessel Name The vessel name which will
"appear on the output report.
"A maximum of 77 alpha numeric

characters are allowed.
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K Cards

The K card is to be used only if systems are not applicable for a

specific vessel. One K card is required for each vessel where this con-

dition exists. A maximum of 26 systems per vessel are allowed to be

masked. The following table provides the rules for the preparation of this

card type.

Col. No. Field Name Enter the Following Data

__-1-2 --Vessel Number --The two-character number of the
vessel within the range of 01 to
20. Right justify and zero fill,

3 Card Code The letter K

4-5 System Number 1 The two-digit system number to
(to be masked) be masked. Right justify and

zero fill if necessary.

6 No entry required.

7-80 System Number Continue entering the two-dig!t
2 through 26 system numbers to be masked
(to be masked) leaving a space between each.

Systems must be entered in
ascending numeric order.
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M Cards

One M card is required for each measure applicable to the problem

program. Each measure is assigned p unique number in the range 01 to 15.

These numbers should be assigned in the sequence the user wishes the

measures to appear on the output report. Measure 01 will appear in the

leftmost column and measure 15 will be the rightmost column. The follow-

ing table provides the rules for the preparation of the M cards.

Col. No. Field Name Entor the Following Data

1-2 Measure Number A unique two-character numeric
in the range 01 to 15. Right
justify and zero fliL.

3 Card Code The letter M

4-6 Weight The weight of the measure.
Must be numeric. Right
justify and zero fill.

7-15 Measurc Namc The measure name that will

eppear on the output report.

17-26 Measure Name This may be continued in
(continued) columns 17-26. Col. 7-16

will appear as the first line
and col. 17-26 will appear as
the second line of the heading.

27 No entry required.

28-80 Full Measure Name Any further description of the
measure required for identifica-

tion purposes only. This entry
Is optional.
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WV Cards

One W card is prepared for each factor and subfactor within each

measure. A maximum of 10 weights may be entered on a card. If there

are more than 10 %ressels in the problem, and therefore more than 10

weights, a continuation card is to be used. The maximum number of

vessels (weights) allowed is 20.

Each factor/subfactor is assigned a unique (within a measure) Factor

Code Number. Both the weights and ratings are assigned the same factor

code number in each measure. The following conventions are used in

assigning the numbers:

- Factors are identified by a single digit number from 1 to 9.

- Subfactors are identified by a multiple digit number, the first

of which is the factor digit.

A special feature of the type 'W' card is the Duplicate Coic. The

use of this code will simplify the preparation of these cards by the user.

This code is used only when all the weights for a factor or subfactor are

identical (for all vessels). When used, the letter X is entered in column 40

and the weight is entered In columns 41-43. No additional weights aretobe

entered whenthe duplicate code is entered in column 40. Additionally, if more

than 10 vessels are involved in the problem and continuation cards are

being used, the continuation cards are not required when the duplicte

code is used.

2
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The use of the continuation caird, mentioned above. is accomplished

in the following manner. The weights of the first 10 vessels are entered

on the input form and a 1 is entered in column 80. The weights of the re-

maining vessels are entered on the next line of the input torm and a 2 is

entered in column 80. The information contained in columns 1 through 37

is identical on both lines of input.

The following table provides the rules for the preparation of the W card.

Col. No. Field Name Enter the following data

1-2 Measure Number The measure number previously
assigned on the M card. Right
justify and zero fill.

3 Card Code The letter W.

4-8 Factor Code Number The number assigned using the
rules described above. Left
justify. It is not necessary to
zero fill.

9-37 Description The name of the factor/subfactor.
This is for identification purposes
only.

38-39 No entry required.

40 Duplicate Code An X if all the weights are identical.

41-43 Weight (Vessel 1) The weight foi vessel 1. Must be
numeric. Right justify and zero fill.

If an X has been entered in column
40 no additional entries are needed.

44 No entry required.

45-79 Weights The weights for each successive

(Vessels 2-10) vessel. Must be numeric, right
justifiE,.d and zero filled. lach 3
positton weight is separated from

the next weight by a blank space.

80 "ontinuation Coda Only to be treed if more than 10
vessels are involved in the problem.
Enter a 1 on the first card and a 2
on the second. Submit only 1 card
and do not make an entry in col. 80

if an 'x' has been entered in col. 40.
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R Cardo

This input data is prepared in a similar manner to the type W cards

previously discussed. One important difference is that Type R cards are

prepared for elementary factors/subfactors only. There is no Input prepara-

tion for non-elementary factors/subfactors.

The ratings applicable to a problem run are normally system dependent.

A maximum of 10 ratings can be entered on a single card. The maximum

number of systems allowed by the program are 30, therefore allowing the

user to prepare up to 3 cards per factor/subfactor. A continuation code

is used to handle more than 10 systems. The ratings applicable to the

first 10 systems are entered on the first card and a 1 is entered in column

80. The ratings of the 11th through 20th systems are entered on the second

card and a 2 is entered in column 80. The ratings of the remaining systems

are entered on the third card and a 3 is entered in column 80.

It is possible thdt In a particular problem some of the ratings wili be

both system and vessel dependent. The program allbws for this possibility.

For this situation, the user must enter the applicable vessel number in columns

38-39. The ratings are entered in the normal manner and continuation cards

may be used if necessary.

The table on the following page provides the rules for the prepai ,tion

of thu type P card.
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Col. No. rield Name Enter the Following Data

1-2 Measure Number The measuie number previously
assigned on the M card. Right
justify and zero fill.

3 Card Code The letter R.

4-8 ractor Code Number The number assigned using the rules
described above. Left justify. It
is not necessary to zero fill.

9-37 Description The name of the factor/subfactor.
This should match the description
entered on the corresponding W card.

38-39 Vessel Number Use only when ratings are vessel
dependent. Enter the appropriate

vessel number as previously assigned
on the V cards.

40 No entry required.

41-43 Rating (System 1) The rating for system 01 as designated
on the S cards. Must be numeric.
Right justify and zero fill. A rating
must be entered for each system.*

44 No entry required.

4S-79 Ratings (Systems 2-10) The ratings for each successive system.

Must be numeric, right justified, and
zero filled. Each 3-position rating is
separated from each other by a blank

space.

80 Continuation odpe Use only when more than 10 systems

are used in the problem. Enter a 1 on
the first card, a 2 on the second, and
a 3 on the third if there are more than
20 systems. Do not make an entry in
this field if there are 10 systems o:
less.

* Ratings must be given even for systems which do not apply to the given

vessel, i.e., non viable system/vessel combinations which are specified
on the K cards. Since those ratings are eventually masked, any legitimate
rating number may be used (i.e., any number between 0 and 100). A
rating of 0 is suggested for convenience.
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Input ,Se'VuC'nce

The 0 following recommended sequence (shiown on the following page)

will ptuoide the u;;eOi ease in locating any invalid cards rejected by the edit

m1uh;le (s;tep 2). Tho u1scr, may, however, select any alternate sequence

he may find more practical.

Canr Type N - Function - sets the number of systems and vessels

applicable for the particular run.

('ard Type S - Yunction - contains the abbreviated system name

(21 characters) which will appear on the

output report.

Card Type V Function - contains the vessel name which will

appear on the output report.

Card Type K - Function - masking non-v vialle c•.nd~date systems on

a vessel basis.

Following those parameter and formatting cards, the factors and sub-

factors are to be input. These cards should be grouped by measure.

Card Type M - Function - contains the abbreviated measure name

(10 characters) which will appear on the

output report. The card also contains

the measure weight. One 'M' card is

required for each measure.

Card Type W - Function - contains the weights (by vessel) for each

factor, subfactor. Cards should be in

fictor sequence.

Card Type R - Function - contains the ratings (by system) for each

factor, subfactor. Cards should be in

'I factor sequence.
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SAM11I1: PROB~LEM

The sample problem included in this section consists of the 18 viable

candidate systems for the six vessels included in this study. This section

contains a listing of the input (card images), a pictorial layout of the job
stream, a list of the actual JCL, and tile resulting output report. • •-
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Input Data (C Lid Images) Shoot 1 of 17

t 'i N card - number of vessels and systems
- r&L T~ ' 1  %*?% 4 17A' I . P 7 I -

es,,0,-, Y ,. f I- N cards - .vssel number and name
1106v .W1 T9 , Ar• " ,Prt )

3v~ air /"1 ir"..t S cards - system /1%mber cnd c rame
0 s r (t % C QV CnL/1 *rt•- w* # .... L. 

.. . ... .. .

A? '2 \'C C.nL0,nt4 T/(.L rV '.Ir.¶IrI4
A 4 U•6. CnL t./0 hD v g.•r-11 . .. ... ..-

-- AiaAnr, fl6  rAR t I % j '/ |it .... . .. .. ._...-- . .-~..- -.. . . . . . . . . . . . .Az,,x • 0i A. V •7 ' C mK cards - non-viable system/vessel

(%v•it a ORZl I- I L ( If ;t I"

I 4t IIV) $ C CIL / ( f iv # P I T

-- - IUA( •A& 4%A T Sf ,a {4 I• - .. . . .. . ... . . . . ...

n ,12 Ot I• ? ý At C L P1-171,r(~ " -

I3 t '•C I ( dsbL ) / r. f -ic o

-A . . .. q IS.. ... ..L.t..... ...... .. .....

I C2QLA $,A 1 IVYCrL$' ,A1 . 4

I, A ind wCight

A- A1- l; A#, .. .. .. ....% JA

A 2 b?" I0I 1
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Job Stream

This section contains both a schematic diagram (see following page)

and a card image of the actual Job Control language (ICI.) used to run the

sample problem. The user prepared input (part of Stop 1) should be sequenced

as previously described.
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JOB~ STREAM INPUT

IALCUL1ATEI'

(TEP3 CL~i

LZ'qnR7LRTT

TP292 C
FF)T mnrl~li



Actual JCL

//STFPl EXEC SORTPARD4.SORTuICORE=06OOOOMSG-APcREGIONa7OK
//SVSLI1 00 SYSOUT-A
//SORT IN' 00 *,L)Ci3BLKSIZEu8O

U-SER PREPARED INPUT

//SCATWKCI 00 LN IT= SVSCA#SPACE I CYLt,( 291))
//SOlP1hKO2 CC UjNITwSYS0ASPACEwLCYLU,1I))
//SCRTWKC3 0C LNIT=SYS0A#SPACEztCYL#(2,1)
IISORTbiKO4 00 UN IT=SYSOA, SPACEsx(C;YL ( 2,)M
//SCPTWK05 DD LNIIwSYSOASPACEsfCYLv12,1)
//SORThK0b O0 UKMT=SYS0AtSPACE-(CYLv(,2vM)
//SCRJCLT 00 USN-CFACTR LoO ISP=(NEW9 PASS) vLNI TmSYSIA,
1/DCBu(RECF14=F SoLRECL-8098LKS I ZE80OJItSPACE z(CYL,(2 1) 1

//SCRT.SYSIN CC *
SORT FJELDS=(1#2t At4t 5p C, 3892vA,2391,D,80o IPA 1FORMAT=0t

//STEP2 EXEC PGM=CGtm41
1/STEPLIES 00 OSti*BIDS.TEST,DISP-5HR
//SVSLOLP'F UD SYSOUT-A
//!YS0LI 00 SYSCUT'-A
//FRINTER 00 SYSUUTz-AtDCB-OLFKSIZE*1330
//FACTORS DD DSN*&FAC1CR1,0ISP-fOLC#PASS),

II ~CCBI=(RECFM&FBLRECL=I5CBLKI½I E2800)
//SYSIN 00 0SNx BI CS. CLYSL ASI,90ISPuSHR

//STEP3 EXEC SORT ,PARDO.SCRtT5SC0REUQ0I)QOOMSC-API 9REGICN=70K
//sISaUI 00 SYSCLT-A
//SORTIN 00 0SN-&FACTCR1,DISP--(CLCPASS) ,UNIT1SYSDA,

II ~DCBS(AECFM=Fe.LRECLa8OBLKSIZEXd0O),SPACE.=(CYLg(2,11)
//SOAYfhKO1 00 UNITswSYSDAjSPACE-(C~VLP(2tM)
//SC4tTWKC2 0D UNII=SYSCASPACEz(CYL,( 2,1))
//SCPTlRO3 CC Uh.IT=SYS0AvSPACEmfCYLUfil)j
//SOR41WKC4 00 LN I =SYSDA SPACE a(CY Lv(2,)M
//SaRTWKO5 00 UN IT-SYSOA,SPACE-(CYLv( 2vL ))
//SCRTNKC6 CC LNdIlaSYS0A9SPAC~x(CYLv(2vM)
//SORTCUT DD 05Nm 6FACT0R2p0ISP-(NEW 9PASSI fUNIT-SYSOAt
k/I CCB-(RECFMsFBPLRECLs6O,BLKSILE-800O),SPACEu(CYL9(2,I)I
I/SC07..tVSIN CC *
SCAT FIELDSO(3,1,A,1,,2,Ar4,5,D,38,2,A,80, 1,AIFORMAT-BL

//STEP4i EXEC FGMmCGWM2
//STEPLIH OD CSN=BIOS.TESTOISP-SHR
/ISYSUDUD'P 9D SVSOU~wA
//SSOL1 DD SYSOUT-A
//PR IPTEP DD SiSfILTmADCBOOLKSIZEa2133O
//.'YSIN CC IJSN-BTOS.DLYSLASHDISPxSHR
//FACTORIN DU. OSN-CFACTOR2,OISP-I(LDDELETI),

II DCBn(RE;FMuF~BLRECLu8OBLKSIlE=8COI
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PROGRAM DESCRIPTION

The computer program for quantifying the effectiveness of candidate

system/vessel combination is written in ANSI COBOL. It consists of two

sorts and two program modules.

The first sort reads as input the complete user prepared data for

the problem. The output of the sort is a tempocary disk data set which

is deleted at the end of the entire run. This data set (&FACTORI) is

input into the first program module, the edit.

The edit program module (CGWMI) reads each card image from the

temporary data set. The first edit performed is on the type of input.

Column three of the input data prepared by the user contains an alp:,abetic

character indicating the type of input. If the entry in the input card is

different than those allowed, the error message 'Invalid Card Type' and

the card image is printed on the reject report.

Numerous edits are performed on the factors and subfactors con-

tained in the weight and rating input cards. Each factor or subfactor is

tested for numeric and is also checked to be in the legitimate range of
zero to one-hundred. If these teats are failed, the error messages

'Non-Numeric Factor', 'Factor Less than Zero , or 'Factor Greater than

One-Hundrod' are output along with the image of the card. Each rating

card, in addition to the above editing, must also match a weight card,

which is processed immediately prior to it. If the rating card does not

match, the error message 'Unmatched Rating Card' and the card image

are output. When the level of the weight factors/subfactors changes,

no rating factor/subfactor Is required. An additional edit is performed

to check this and the error message 'Invalid Rating Card' is printed if

a rating card is present.

One final edit is performed on the weight card factors and sub-

factors. As each card is processedi, the weights are accumulated. Wroen
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the factor/subfactor level changes, the accumulated weights are checked to

determine if they add to one hundred. If they do not, the error message

'Factors Not 100' is printed along with the related measure number, vessel

number, and level.

At the conclusion of the edit module, the temporary data set which

was used as input, is resorted and a second temporary data set 4

(&FACTOR2) is created. This data se. becomes the input file to the calcula-

tion module (CGWM2). Although the edit -nodule performs most of the

editing functions, a few additional edits are performed in this module.

These edits are performed before the calculations are begun and, if any

edit fails, the module is aborted. The following areas are edited:

• Measure Cards

* System Cards

* Vessel Cards

a) Measure Card Editing (Card Type M)

The weight assigned to each measure is edited for the following

criteria. It must be numeric, less than or equal to 100, and greater than

or equal to zero. If any of these edit tests are failed, an appropriate

message is printed and the module aborted. The measure weights are

accumulated, and after all of the input data has been processed, the

accumulated weight is checked to see if it is one-hundred. If it is not,

the module is aborted.

The limit on the number of measures allowed in the program is 15.

The measure number on each measure card processed is checked. It

must fall in the range of 01 to 15. An error message is printed and the

run aborted if it is not.

301



b) System Card Editing (Card Type S)

The maximum number of systems allowed in the program Is 30. The

system number on each system card processed is edited. It must fall

within the valid boundaries of 01 to 30. If it does not, an error message

is printed and the module aborted.

c) Vessel Card Editing (Card Type V)

A similar type edit is performed on vessel cards as is performed on

the system cards. The maximum allowable number of vessels is 20. If

the vessel number on the vessel card is outside the range of 01 to 20, an

error message is printed and the run aborted.

The calculation module initially reads all of the input data, performs

the above edits, and tables the data read. The module then begins the

calculation of the effectiveness of each system. This is performed for

each measure and for the overall effectiveness for each system for each

vessel. The measures of effectiveness are calculated by system within

vessel. Each vessel appears on a separate page. If a.system is not

applicable for a particular vessel, the measures of effectiveness ,atings are

masked out and the symbol N/A will be printed instead of the rating for the

measure of effectiveness.
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OVERALL PROGRAM FLOWCHART
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I'dit Modulo

As doscribc•d on the preceding pages, the Edit Module performs

almost all of the editing required on the input. The following flowcharts

Illustrate processing on a subroutine (overall) and detailed level.
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DETAILED EDIT MODULE FLOWCHART (Sheet I of 7)
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DETAILED EDIT MO)PULE FLOWCHART (Sheet 2 of 7)
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DETAILED E2DIT MODULE FLOWCHART (Sheet 3 of 7)
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DETAILED EDIT MODULE FLOCWHART (Sheet 4 of 7)1
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DETAILED EDIT MODULE FLOWCHART (Sheet 5 of 7)
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DETAILED EDIT MODULE FLOWCHART (Sheet 6 of 7)
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DETAILED EDIT MODULE FLOWCHART (Sheet 7 of 7)
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Calculation Module

As described, the prirary function of this module Is to calculate

the overall effectiveness of each system/vessel combination. The follow-

ing flowcharts Illustrate processing on a subroutine (overall) and detailed

level.

. _313

1

,1

1

A

i

.I

313



CALCULATION SUBROUTINE FLOWCHART
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DETAILED CALCUIATION MODULE rLOWCIHART (Sheet 1 of 12)
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DETAILED CALCULATION MODULE FLOWCHART (Sheet 2 of 12)
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DETAILED CALCULATION MODULE FLOWCHART (Sheet 3 of 12)
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DETAILED CALCULATION MODULE FLOWCHART (Sheet 4 of 12)
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IDETAILED CALCIJLATION MODULE FLOWCHART (Sheet S of 12)
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K DETAILED CALCULATION MODULE FLOWCHART (Sheet 6 of 12) :
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DETAILED CALCULATION MODULE FLOWCHART (Sheet 7 of 12)
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DETAILED CALCULATION MODULE FI.OWCHAI~ SetBo 2
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DETAILED CALCULATION MODULE fLOWCHART .(Sheet 9 of 12)
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DETAILED CALCULATION MODULE FLOWCHART (Sheet 10 of 12)
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DETAILED CALCULATION MODULE FLOWCHART (Sheet 11 of 12)
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DETAILED CALCULATION MODULE FLOWCHART (Sheet 12 of 12)
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PROGRAM LISTINGS

Following are the complete listings of both the edit program module

(WM1) and the calculation program module (WM2).
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Edit Module LWM1) Listing (Card Images) Sheet 1 of 6

ICENT EIMATION DIVISIlON.

REMARKS. COAST GLARD &ASri PAtNAGE#EIW.
PROGRAM EDITS bEIGHT AMC RATING CARDS.

17ECKS !00 VALICITY Of TI-E FACTORS AS bELL____________ ___

ASAVATC OF DATA*
* ~ENVIRONMENT CIVISION.

- lNPT-OUTPUT SECTIOh.______
SI LE-C ON TRbOL.

SELECT FACTOR-FIL.E ASSIGN TO UT-S-FACTORS.
SALECT PPINT-FII.E ASSIGN TC UT-S-PPINTEN*

EATA CIVISION*
MIE SECTION.

FO FACTOR-FILE _________ ___

RECORDING NODE ISP F
LABEL PECOOC IS aOgrY IC

_________ RECORD CON7AIP4S 30 ___________

DATA PECORO IS FACTOR.
Cl FACTOR PIC XaSC).____________________

RECORDING Pact Is F
LABEL RECORD 15 OMITTED
RECORC CONTAINS 1533
BLOCK CONTAINS 0 RECCACS
CATA RECORD-15 P-LIKE. ____________

Cl P-LINE PIC X(133)v
tiOARI NC- TORAGE SECTI ON.
71 LIt4E-C(TR PIC 99 VAkkkSk. __________ _________________

7? PG-CIR PIC 99 VALUE 0.
1? ERR-SWI, PIC I VALLE 0.
17 ER-W l Q.._______________

1<71 PEAS-SAVE PIC XX VALUE SPACES.
11 CODE-SAVE PIC XIS) VALLE SPACES.

77 IlL-vALUy PIC 9.
17 SAVE-TALLV PIC 9.*

11 SHP-SA14E PIC 99 VALUE ZE0C.
11 ERA-SW3 PIC 9 VALUE ZERO.

11 L PIC so
7? V-N0 PIC 990

-CCc -c 17 v-HOA FlC SS VALLE ZERO.
R: 7 S-NOA Pic 99 VALUE ZERO.

71 vy Pic 59141.
7? 0X PC $914).

03 F14-NEAS PIC XX.
*03 PFd-NEAS-N RECEFINES, FH-MEAS, PIC 99.

03 FH-CODE PIC.XS
03 FH-COCE-Nt REDEFINES fil-COCE PIC 915).

03 PH-NUN REDEFINES FH-NAAE.
05 I'O-OP-VaSS PIC 99.

45 NO-OP-S'15T PIC is.
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Sheet 2 of 6

CCC122 C 5 F ILLER PIC X4Z41*
'03 Fl--SNIP PIC XX.
03 fl--Sý-IP-N REDEFINES flý-SOAP PIC 95. ____~____________

C3 0UP--CODE PIC X0
000130 03 PH-FACTORS OCCURS 10 TINES.
CCC122 05 FM-1Fl PIC Xxx. ___________________________

C.- H~414.~ REOt$U sTw;TFPIc 999.
000126 05 CONT-CODE PIC A.

01 HEAD-I._______________________
~OCW 01F1j1T * I~1TC T SPACES.

000200 03 "-DATE PIC XIS).
_____ C3 FILLER PIC XX VALUE SPACES.________________

03 FILLER PIC X125) VALUE #ENT WEIGHT AND RATING CA~f'
_________03 FILLER PIC X(21) VALUE 40 REJECTS PAGE ' ___

-03 i_ý-PAGE -PlC UZ.
03 FILLER PIC X1401 VALUE SPACES.

C1 HEAD-2._________________
03--FTLIER -- PIC __(2)'VLE-
03 FILLFR PIC X(?41 VALUE SPACES,

-~_______03 FILLER - PIC X(14) VALLE #RE.JECT PESSAGEO* __________

01 GET-LINE.
03 FILLER PIC )91101.________

C3 OET-MSG PIC X1381.
C1 7ABLE-A.___ __ ____________ _ _____

COC34 03 7L-SHUP OCCUR-S -20 7JkEI. -__ '__ __________

C5 TBL-LVL OCCLRS 5 TINES PIC 999.
__ Cl N0T-100.________

03 FILLER PIC X(14) VALUE # 4EASLRE *

C3 *&-lCQ PIC XX %ALLE SPACES.
_____ 03 F ILLER PIC 3(2 AL SHIP .____

03 S-100 PlC XX VALUE SPACES.
03 FILLER PIC AM8 VALLE a LEVEL fs

COC15A 03 FILR PIC Xl531 VAtUE SPACES.
03 FILLER PIC X415) 14ALLE IFACICAS WO LCO'.

__03, -FILLER P-1C X3123) VALUE SPACES._____
PROCEDURE 0) VISION.

ACCEPT I-DATE.
____M.yjP*I I VLL~L ______ ___ __ T___0_
OPEN INPIT FACTOR-FILE.
OPEN OUTPUT PRINT-FILE.

.. ~AE f.ORNCLfAP:-AiRLt _YA:Rj T~thJ5JJI! 16JJ.T-1-611TA...
COC27C THAN 20 AFTER L FROP I BY 1 WNIL L GREATER TI-Ah So

Ft A -F ACT ORo
Rih~ACTR-!J IN~ PCTOARJ AT END 40 o AAkL,....

O0OilT IF PH-TYPE a 4KO GO TO READ-F:ACTOR.
000216 IF fh-TYPE s OMO GO TO READ-FACTOR.

QQ~11J ~ $P . Vs. 60-O To _FCTp____
000280 IF Flo-TYPE a IV# GO TO READ-FACTOR.
000282 IF Flý-TYPE m ONO

.~OCC2I MOVE !O-OF -VESS- TO _V-O__
MOVE NO-OF-S'VST 1O S-NO
GO TO PEAC-FACICP*

_EýAMJPIE FM-CODE AREPLACING ALL _5?AC9S. ______

00026is_ IF Fl--TYPE - IWO GO TO STERS.-h
CCC208 IF FM-TYPE m 'F' GO TO SET-EPP-SW-IR.

._LCOZ90___fOYE .*jt4AjI0 CARD_1YRLi 1_17S.G

329



Sheet 3 of 6

ý~cc2sz PERFORM PPI#4T-07TH.
CCC2S4 GO TO READ-*ACTON.

OC~ S 1, 11 02-Fl-l It iilUEI Kv OlmSi
cooRCC IF OuP-COOE 0 TA O 10TEST-P-S-h
000302 IF CONT-SW O ke GO TO SEI-Ib-CONI.

* -Ni02r4 -F C094-RCOVDE uo10
CO00306 MOVE 1 10 GQNiU-Ib
000306 PifPOAM TEST-li-NUM VARVITNO VV FROM 2 GY I LliIL
000240 la 11 PGUiIflik ii
000312 Go 10 TESI-EftR-Sh-lh.
000314 PERFORM TEST-N-NUNVARYING VY IF404 2 IV I UNIlL
CCC!16 rE1a1 4~~
000!10 Go 10 TEST-Eftt-sr-lib.
CCC3zoo 1esy-k-NUM.

000324 SIT-tw-CaNT.
CC0216 COPPLTE V-f&O* a V-%O - 10. ___

000330 IV GRIOTIft 19'AN V-NOA.
-000332 MOVE IEPO Ic ECCA-SW.__________

IF ENP-SWI a I
POVE 'lION KUPIRIC FOCTOP' 10_CET-PSG
PEPORIMC 910A[L1l

000290 14OVE ZItUI 10 liko-sWI

00035'. IF FN-Fl-f III 14RESIII D*N ICO HOVE 1 10 tARStIAg.

_SOCPE ._ F 0L.P-CO~ 9* ' GO 1 I : ~ Z~
0003004 if tafit-coot " I o10'*1*
COCIAZ HOVE I To ECCT-sw

000310 II GRE41ER 114AN 10
COC368 GO 10 1Eis-imp-St2b-~.

_.C.. Q2133 _._,J9 COT-S$W. -. I jpQQ 15f IE-Zk-~C~9i.
000370 PERFPORM 1III-N-100 VARVING VV FROM I &Y A 6KTIL

OOCI1IV O# P(AiEp Igli v-No.

000511 YEST-ii-100.
CCC378 IF Fw-Fl-M IVV) GREATER 1IMAN 100 POVE 1 10 EPP-SIZ

.__00 360 3tIT7,W-CONI i .
LCC326 COPPtIR W-KcA *V-NO - 11J

PERFORM IESI-k-lot wA%%iING f1* FARt I t1 I Nl
yy GREATER THAN V-NQk#

16OWE ZENO TO CONT-SW.

PERPORM FAINT-PINi
*. POVf ZENO TO IoNa-SU*.

cccil IFPH-TyPI a 'IN, 6O 10 PIG-plik.
00C2' 60 GO O HGl-RIN.

If LINE-tiPf GAFAIEP 11014 50
ADD 1 10 PC-CIR

PCEPo-CT4 10 P-POGT
%1411E 9-LikE F*UC, HEAD-1 AFTIP II0SIlI~kING 0 LINIS
WRIT! P-LINT fROM 041AO-2 A1190 PUSS II(JING. I INIS

.~P0V 7TO LINE-(IP...............
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Shojot 4 uf b

MOVE FACIOR-I4OLO TO OE1-CD.I
%PIT( P-LI&E FPO" 011-LII AfTitE PUSIIIONIN(1 2 LINES.
ADO 2 TO01.10E-CIA.,
M4OVE SPACES TO DEl-LINE.A

0104 fIPA TO PLA4SAt

IF r.--MEAS NOT EQUAL ILI HEAS-SAVEj
000472 OERFOOP WETM-IEVL-l ____

f04 6~-10EAS TO0fhAS-SE.- '-
IF CODE-SAVE a SPACES

___________ POVE FH-COD9 TO COCE-SAVI. __________ ____

-- 19.0111 Iwm-CODI VALL VINC ALL 2IktIf.-____
MOVE TALLY TO PSI-YALLY.
EPAP'IlE cool-SAVE TALLYI1\ ALILZINC$.____
MO'VE TALLY 710 SAIO[-IAI LV.
If $*Vf-IALLV LISS 1-~ht FI-TALLY

I-Of110 TO N::4 ..-j :ziI.I-T7 ,dii77
-110r1100 TO VL-1ALL11.

ADA) FH-TALLY 10 1*C-I4LLV.
ADD I TO) TIL-TALLT.

-000 -if -cIp-coU * pIt31tN v mAS vG
CCC~~~C46 1APIB LN.)L TV G0~1#1A W&Af. ~' e

100001 fO TO READ-FAL TOR.
-00041t -I1F CCNT-CO(( 11C) a '2'

"GC414 COXPLTE %,-tOA a 1wt-tI= 20

tOCJA -- V 661 AEAIPI IPAN V-hub
(cceIl 60 T0 GEAD-faclob.

0OO~~*ICO0iT-Cuot 410) -- I
(1:01?0 'pf uop' 011'(A-m VA5'1IG TV foCm I sV I OuiIhL
coc4s0 VVW 411*111N tAN IC4

___ ý; G0O 10f*A0-fA0CfCP._____
OO00624 !'--ýf'fO6'M SP~tEAD-b VA01VING %6V FACP I IV I W~it

C00251 vy GAMIN 11OL W-h.

ALL FP1-fl-h III TO TI h-kI. iV,TSl-?AiLV'I.

0004~4 C00Npult XAP VV #1 It.
ADD PI4-PJ-#N IYV) Ib I#1-LVL fKAtTAL-IALiY).

ALL 014-FI-N IVYIi 1U VOLLYLk I bItoll- lAkLL). --.--.- ',-

O~,4 E~~ GM!- OCE 4101 $i
MOVE I 10 CONI-th

-----p E M 19 11 P - f M AN P~IP4L~. V 1'
CC(4j4 4vGI10TA l
06411 GO 0 fll-u-I-w

40 10) Vilft-fmP'-Skib

sr Fe4-fI.h IVY) NOW KUNIPIL mGVI I ig1t) 4d
bf I-- IP-C01so.
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shout S o

O~o~U~ i ~-t1u GAlff T1&A4 Is mLJ%t It 10 S-140A

---48 copOt'.~ 1-h%)A * -9~ k~~

VV r~uti11, 14"A 1-100..

O0Qi~ It tflp-sa1 - I M0vt ZERtO 1U COp41-Sv:t

OOOS02 c0Impiut S.-NOA S-t40 - 30

~IV Qp8tqA 1fHAN t-hflA-
]LC ftam-Sk I POvI ZINO to CUFAI-swe

C 0 GPA 6 191 C Ch!-(Oct 10S 1 a

0C14VIM t Ito L0141-31,~~ YEIYT-A-ICO VAftY1NC ~VV FeaON I WVy i LIN1IL
(I.CSVY yy tll 104is 'N to

VOTZ U 10 QItttS-h
00 '.Ol -11 COM-%%* s I W 15~ SIET-2fCONT.

P144PERM Itilt--Io0 VARYIPA5 Ty 9I'lp s y I UATIL
IV GXAjIAII ltlAft 5-NO* K

- if F.-11-v f!Y rqtnjAlt! jHAN ICA "oNU k 19

11(telil U (.0fol-C.OO 4SC0 - 3

&-NO Gplal1&e ?*A" 19 06vt 0lC Iw

0,1*0001 USIS-N-1O0 VAVWh lV.Y #MCP I 9V I UNTIi
%Y .41411A INAP4 S-NUA.

I*Avt 41.40t 11) (COAK -SW.

CCV E010 OM)PLI; S-Nux0* I -At - 20
Pfl~fUMAI ?&Il-R-'100 WhaYINGi VV FOUN 4 84 1 LI%XIL

V Y riNtollP 11#01% $St1UA. __. . . . . . . . . .

GO 10 plac(OAc-h..

0Uv duII. 01 1l-FM'- NGVAW-1C olh.o
-. . . .~ p i"POMP PIW I I R - -S.. . . . .-.....-

Mil P~f %locl UN4IMO U-AIII *9'i Ut'SI.-

CCI 0 N Al IA~Q . . . . . Al



Sheet 6 oft 6

COCS44 POVE VV YE SHF-SOVE
COCSda PERFORP LEVEL-1-REJECI.
OCOOSGI MOVE ZEROS TO TlL-LVL £1Y91.. ___________ _________

IF LINE-CTP GREATER TRAN 10
_______ ~ADO 1 10 P0-di _______ ___________ __

~~irnvr~c lit- -10 -_______ __

bhRITE P-LIKE PlOW NE*V-1 AFTER POSITIONING C LINES
%RITE P-LINE FROM HEAD-2 AFTER POSITIONING 3 LINES

MOVE 1 Y NI~C'R- _ _____

POVE "CAs-SAVE To P-100.
_________ MOVE SHP-SAVE 10 S-100. ________ ______

AF EPR-SW3 vu
_______ ~MOVE CODE-SAVE 10 L-J.COC WVE ZERO 10 LPF-Sb3._____

P-Wi -j LINEPO FKMNOT-100 IAFTER -PU5TTIONING 2 LINEL;-'-
ADD 2 10 LUNE-CYR.
MOVE SPACES 10 M-1lCC 5-ICO L-100. _____

* A00 I TO SAVE-IALLY.
000146 PERFOR44 CI4ECK-FOR-ICC VARVRNG VW FROM I (SW I LPk1it

-- CU4 GIVESTIA -T)-5N VY-NO. -__

CCClso 04OVE 1 TO FiO-P-Sk.
000152 Go TO SAVt-w-COCf._____

COC756 IF TBL-LVL *TV'vSA'#E-IALl.V) NOI 100
000753 14OVE VY TO S'4P-SAVE _______

000742 PERFORM LflfL-I-6tEJCT.
0OCJC4 -- OVE ZEROS TO faa.-LVt. 41!YvSAVE-TALLY3. ____ -~-- -.--

M4OVE ZEROS TO. TSL-LVL (S.L).

EC. LCSE - F -AC -T'J R-F -LE.
CLOSE PRI1.T-FILE.
STAOPRUN., ___________
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Cdlculation Module ,W.M2) List~ng (Card Images) Gheiat 1 of 10

_PPOGRAM-tO. OWN. ________

Pt"A.lSTE `CGhAT GAREN%&.T
COST EFECTIV~ENESS OF bASTE ;ATERP ANAGC"IJi~

- SSTEMS FOR tOAST GtARO VESSELS. ___

INPUT-OUTPU1 SECTIOIN.
____F ILE-CCNTPOL .

SELECT PRINI-FILE ASSIGN IC L7-S-PRIk7ER.

IFILE SECTION.
#C fACTOR-FILE

LAbEL RECORD IS ONITTEO
RECORD CONTAINS 00
BLCCK CONTAINS 0 RECORCS___

------ bATA 'RECORID I'S FACYORS.'
01 FACTORS PIC KIOC0.
FD PRINT-FILE

RtecoRoING loD)E IS F
L~AME PECORC IS UMITTLO
RECORO CONTIANS 133 ____

GLOCK CONTAINS C RECOROS
tATA RECORC IS F-LINE.

P_ P-Ib.NE PI~ C ___

UORK IND-STURAG( IfCT ION'
?7 PGC-dR Pic 99 VALUE ZERO.
j1 4-Cm 55 PI _9 ALL~E -ZEL, ___

17 s-CTF Pl 9 VALUE ZERO.
71 V-Cxp PIC 99 VALUE 2URO.
11 _$AVE-R-.MEAS PIC SS irALLE AERC.
-71 SAV[-Wd-MEAS PiC 99 VALUE ZERO.
17 *6G-CODE-IALLY PIC V.

77 W-COCE-I4OLC P I C XI S) VALUE SPACES. -

It MWA-WGI-SL.N PIC 999 VALUE ZERC.
11 w-NQ-C fR ~PIr. 99 VA%,LE AERGO,
771 -NO-ETR PIC 999 VALUE ZEF.
17 *ANS-I P14C $99v9(5) CCPP-3 VALUE ZERO.

A'~S-2 _ _ __ .piC 599V5IS CMP14LE ED ___ -
1? NT-1 Pl 99 ?5 COMP-) _VALUE ZERO.

77 BKT--l PIC S99v9151l COMP-3 VALUE ZERO.
11 BKr-2 Pic S~Svjl5j ECOOP-3 VALUE ZERO.

71 CNT-.Ii ___PlC t559!~ COMP-3 VAILUE RO _____

CVC5 11 KT-A PIC 599V915) (comp-i VALUE ZERO.
11 PRINI-5 PIC 5999(5 CGOPF-3 VALU E ZERO.

COO517 PPIT-X P IC SV99v95 (EMP- VAAJLU ZERO. ~
11 NO-OF-M9 PIC 99 VALUE ZERO.
11 NO-OF--V PIC 91 VALLE ZERO.
77 KND-OF-S _P IC 99 VALUE IENO.

CCCIO7 17 V-NOA PIC SS VALLE IE'ý_.
DO0OM 77 AK PIC 55(4) COMP.

__MCl C I 1. PIC p9c 14) _ýQW.___
000111 17 z _P IC SS(4) COPP.
0001i2 7? C-MEAS PIC S9(k) CUMP.

"VI 51-PASK Q~ 9 VILyJ ___t. -

CI CkIA0-WOtK ..
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03 CARD-O pit 9
000117 03 CARD-NO-X REDEFINES CARO-NO PIC XX.

03 CARE-TYPE P IC X

03 SYSTEM-CARO REOEFINES %ESS-NAWE.
05 f lLL ERt PIC XXX.

-0 a II CS FILLER PIC 1X(46.i
03 MEASURE-CARC RECIFINES SYSTEM-CARD,.

C5Y-NIS~-401 -PIC NAXLU
05 M4EAS-iGT-N REDEFINES MEAS-kGh PIC 999.

Qs PEAS-SHORT PIC XIIOI.

-00 c 1-4,1 .... cs - IPEAý-SHORIA Oit 7.rU0i.
00OL42 05 FILLER PIC 1(541.
000•__ 03 AUMBER-CARD RECFFI#hES PIEASURE-CARC.

5 F ILLUE -)IC A -01C)(15)
05 Nc-V PIC sq.
Cs FILLER PFC X.

5 CS N--•p I..- PC -- - _ ..... -_

05 FILt.ER PIC X167.
4001!1 Cl N1,4A -- i0R .

"03 _mAS1-`VtS-NO • , ..... .. . . . ....

03 MASK-CARL-TYPE PlC X.
C3 NASK-DEOAIL 0•CP.S 26 TI$ES.S.... .. -0 MD-S S -- 'P1C • . - ..... . ... .

05 FILLEP PIC x.
C1 HEAD-I.

-606M •_103 - F 10.t1 PIC X(M) VALV'E SPACES.�
CCCI!3 03 H-0(tE IIC X(83.

03 F!l PI-: PlC Xt'1i VAtUE SPACES.

03 FILLEi. P-I( X I2T X VALUE 'EFrEccIVENESS Or CAk•IOdA1ii. -.

0001'4 03 FILLEP PlI X(I22 VALUE 'bASTEWATER MANAGEMENT '.

00 W1 6. C3 FILLER PIC )X(20 VALLE SPACES. ... ... . . . . ...
03 FILLER- PIC X L5 VALUE 4PAGE '.

C3 f- PAGE PIC 2g..
0__ 03 FILLER PIC X121) VALLE SPACES.

Ccc r3 FILI.E PlC X13)1 VALUE $FACES.
03 FILLER _PIC X(211 VALUE A5wSIIM1u FOR SELECIED COAST
03 FILl.ER PIC X(13) VALUE * WARE VLSW, 'S

ccCC2 C3 FILLI. PC X,(5S) VALLE SPACES.
_____C I -FlA-3-

0. 3 .fILLE Pl 7-VALUE PS)(C..S. Li
03 FIL.EP PIC ý(S) VALUE VESSEL '.

03 ~ ~ I A~-A1 PIE 4 C.VAL Uk..SPACE S, --- -

C3 FILE P4L xkIUjW IA LE SPACES.
00C~i' CI F~-3--UN U,: 9<.

_fI L. FP PlC ~it .7 VALUE _SPA C CS . __

C3 FIL.EP PIC X(6) VALUE ----

C3 F IL.-.L, PIC JXIVJ 'VALUE SPACE S. =
"CCC;iC C3 FILLER PIC XL3l1 VALUr $;ACES.
000218 03 FILLER PIC X(2t) VALUL A* * 0 0 * 0 MEASLPE CF E".

_.CCC29G __Q3 FILLER PIC XI?5) VALVE 'FFLCTIVENESS LANE, #S00S.-
COC222 C3 FI'-LFP PlC XI2t) VALLE "AI[O bEIGHT) 0 a 0 * 4.

000218 03 FIILIR PIC xAti VALLt SPACES.
01 I.4EA, -5. _ .

0OC222 C3 FILLER PIC X31L) VALUE SPACES.

0002" 03 -5.-N 01 PIC Y1111 VAL ! SPACES.

t--.i 3N3 P XI t I V'A.L $FAý-Esv
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03 V5-1403 PIC Xli41 VALLE SPACES.
03 HS-NG4 PIC X4111 VALUE SPACES.
03 H5-N05 PIC XII| VALUE SPACES._ _

03 ih5-N06 P/• KIlll VALUE SPACESI
C3 HS-NCT PIC XIl) VALUE SPACES.

000224 C3 FILLER PIC XI141 VALUE * OVERALL'. _

000M26 03 FILLEM PIC XIIl- VALU E PACES.
Ci HEAO-6.

03 FILLER PIC MXIS VALUE * SMSIEN ____ _

c4

C3 H6-t40 PIC Xlll) VALL&L 31A'i:S-
03 I1-N02 PIC X4l11 VALUE SPACES. _ __

03 H6--403 PIG xLI V ES-
03 H6-NO4 P•C XMlI) ALUE SPACES.
03; O Mb-NGS PIC XI) VALUE SPACES.

C 3 H6-KC6 P IC X i) I AU SPCI
03 H6-NO1 PIC X|II) VALUE SPACES.
03 FILLER PIC XII?l VALUE 4 EFFECIIVENESS9.

Cl I-EA-1.
COC2,32 03 FILLER PIC XILO) VALUE I NO. NAME _ _

0002! 3 C-3 FIILE--PlC Xil6)-'ALUE ' P .
03 1-7-WI PIC ZZq.
03 FILLER PIC XIS) VALUE 0) 0'.

____- O V3 14-h P 1 C Z A
03 FILLER PIC xMe; VALUE -1 It.

"C3 FILLER PIC YE) VALLE9
03 47-W4 PIC ZZ9.
C3 FILLER PIC X48) VALUE 1 t 1.i 03 M7-W5 p iC'Zzi.:

03 FILLER PIC X(8) VALUE 4) I'.
SC3 H7-h6 PIC Z19._
03 FILLER-PIC XISll VALUE') I',
03 17-V4? PIC 2Z9.

........ . _LLR. PIC . IJ4 _VA L k _j ..
000282 03 FILLER PlC XII21 VALUE SPACE3.

Cl UNDER-LI#'E.
_ CL.. . . _ FL L •R_ PlC X(20E VALLE .------ -. . ..-- - - - - -.

CCC288 03 FILLER PIC X L243 VALUE ' ----
000290 03 FILLER PIC Xi21I VALLE .. .

* _..+O0¢292 ___o03 .FLLEE.-P K X1261) VALUE --...... ...-.

CCC2s3 C3 FILLER PIC X(141 VALUE ..........--- ,
000294 C3 FILLER PIC Xi7I vALUE SPACES.S...... -__ CE • LlL-LI+iE,

C3 FILLER PIC XX. .. ... . .... . ................
000300 03 DEI-SYS Pit xIe2).

03 OET-02 PIC ZZZZZZZZZq.
03 CET-M3 PIC ZZZZZZZZZZL.

.3 VET-P Plt ZLZ2ZZZZLZ9., a -... .
05 OEI-M5 PIC ZMMZlZZ9.
03 CET-M6 PIE ZZZZZZZZLZI9.
C .3 -.E1-PT -PZIC ZLLZZZ9.
03 FILLER PIC X(131
C3 OET-OE PlIC ZZZ.

0 03_O _. _03 FILLER_ -PIC X Il l. ... ..
CCC30t 01 MASK-LithE.

C0 FILLER PIC XX.
* ... . •3Z6 _. 3 NP¶-SYS PIC x 28 ). ...... .
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C3 FILLER PIC X(4) .
03 ML- I PIC XXX.

03 FULER PIC X (lI.

03 FILLER PIC x()
____ C3 P~L-3 PIC XxX. __ _____

CdI3 -FIL FEK P IC _x Ie I
03 PL-4 PIC xZeN.
(3 FILLER PIC X4)8_________--__

___ C3 'ML-9 _ )IC XXX
03 FILLER PIC X48).

_______ C3 P'L-6 PIC XXX. _______ ____

F~ ILLER PIC X(81.
03 PL-7 PIC XXX.

__0 3 PL-OE PIC YXX. ------------.------ 1
CC360 03 FILLER PIC X(13).

Cl MEAS-TASLE.
-D3PI-TABLE UCCURS 15 T1MINS.

CS 01-bGY PIC 999.
CS NI-NAME PIC A(IC).

--CCC36; 05 -MT-NMA -PICX(0
Cl S'wSI-IABLE.

000316 03 S-TABLE OCCURS 3C TIMES._______
-05 'ST-NC -PIC 99 -- __

COC3lt C5 ST-NAME PIC AIZI).
01 VESS-T46I.E.

-V03 TARLF CCCURS 20 TIMES.
C5 ý11T-Nc PIC V9.
OS VT-NAME PIC X4301.

03 ft-TABLE OCCLAS 1 TIMES.
___05 R-FACTOR OCCURS 160 TIMES.

C7 P IG-CODE PIC ~9 (5) 10
000393 01 RIG-SHIP-NO PIC ss.
CCC394 07 RIG-FACT PIC 5959 COMP-3 OCCLRS 3C lIMEse

03 %-TARLE OCCURS I TIMES.
____05 w-FhCTOF CCCURS 75 TIPES.

Ik GI-COOE P~()
000404 01 hGT-I-ACT PIC Sfs%9 COMP-3 OCCLRS 20 1IMES.

03 'TABLE-MASK OCCLRS 2CTP .
05 N*SPK-Vis PIC S9.

Cl F-WORK.
03 FW-MEAS-NO PIC 99.
C3 FW-TYPE PIC X _________

03 FW-COCE-X REDEFINES, #W-CCEE PIC X45).

000425 03 FM-SoIP -PIC S9.
03 fvM-DUP PIC X.
9jFC.p4lI GCCCLRj IC

O000430 05 FMi-FACT PIC S99.
CCC4!2 CS CchI-CrEE PIC X.

OOM39 ACCEPT 1-lCAT(.
OPEN INPLI FACTOR-FILE.

_______QPfN WeTL1 PRINT-F ILL, - .. .
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PERFORM CLEAR-PESS-TAiLE VANYING O-CTR FROM4 I BY I
UNITIL *-CIR GREATER THAN 15o

PERFORMCLEAR-SYST-11ASLEVARYINGS-CTRFROM_1B_ I OV I______
COC448 LNIIL S-d GREATER TO4AK 30.

PERFORM CLEAR-VeESS-1ABLE VARYING %-CIO FOCIF I eV I
LWTIL V-CTR GREATER THAN 20. _______________

PERF ORMN CLEA R-RIG-NGI-TITTUE.
GO TO READ-FACTORS.

CLEOR-PEAS-TABLE. ____________ ______ ___

MOVIE ZEROS TP-~~T1
MOVE SPACES TO MT-NAME IM,-CTRI.

CLEAR-SYST-TASLE. _______________________________

MOVE ZEROS To 51-NO (S-CIR4).
MOVE SPACES To ST-NAM4E Is-CIR).

CLEAR-VESS-IAOLE. _______________ _____________

MOVE ZEROS TO VT-NO (VC-dRIR.
MOVE SPACES TO VT-NAFE (V-CTR).

MEAS-CARO-RTN. I____________ ___ ___

EXAMINE MEAS-WGT REPLACING ALL SPAC8 6-- 1AS
C0C423 EXA04INE CARD-KC-X REPLACIKG ALL SPACES eY ZEROS.

IF MEAS5-bGT-N NOT NUPIERIC________________

DISPLAY 'RLN ABORTJED'
000496 GO TO EOJ.___ ____________________

DISPLAY 'INVALID MEASUjRE bEIGI-T

CISPLAY 'RUN AeORTEC' __

CcCSc4 GO TC EOJ.
IF 04EAS-WiGI-N LESS THAN ZERO

_________ CPLAY_'INVALIC MEASURE WEIGHT _______ __

VISPLAY 'RLN AECRTECO
000512 GO TO EOJ.

IF CARC-NO GREATER TO-AN 1IS____ __________

DISPLAY 'ESR UBRIVLC
DISPLAY *RUN ABORTED'

C~cca5z0 GO TO E~. ___ _________ _____________

MO0VE MEAS-bGl-h TO PI-ii~l ICAPG-NCI.
MOVE MEAS-SHORT TO NT-NAME (CARD-NO).

COC525 PCVE NA-SOT TO PT-NPA [CARD-NO).____

AEC 1 TO NO-OF-M.
______ GO ICTUE*C--FACIORS. __

SYST-CARO-R TN.
000468 IF CARC-NO GREATER TýIAN 30

_____ ____ __ ~______%A
DISPLAY 'RLN ABORTED'

000540 GO TO EOJo

DISPLAY 'SYSTEM NUMPBER IhýALIO'
O.ISPLAY #RUN AeORTED'

MOVE CAPD--NO TO ST-NO (CARD-KOS.
MOVE SYST-SI-OPT TO ST-NAPE (CARC-NO).
GO TO READ-FACTORS.

IF CARD--NC GREATER TI-AN 20

DISPLAY 'eO AaORIEC'
GocSB4 GO 7c EcJ.

~~9G~~~~5! _kA~-OEJS THA)LR~-
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CISPLAY GVESSEL humetE INVALIC'
DI SPLAY 'JOB ASCATEC'

000572 GO TO EOJ._________

-MO yeCARD-NO 'TO VT-NO (CARt-K-0).
MOVE VE$S-kAPE 10 141-NAME (CARO-NC).

MOVE CARkD-IORK TO MASK-liORK.
PERFORM *UILC-04ASK VARYING YY FRO10 ISY I UiNTIL______

-- N OMEATER'THAN-26.
MOVE MASK-leES-NO T0 MASM-VES (PAS11-VES-KC).

GO TO REAC-FACTORS.___

IF MO0-SYS (YY) NOT EQUAL SPACES

MOVE PC-SYS IVY) TO P'ASK-SYS (MASI(-VES-NOIVW).___

ICC6&C2 PCVE MT-NAPE (1) TO "5-NCL.____________

--O0603 __'_OVT 14T-NMA III TO -- O~
PCVE MT-%GT (2) TO 1-7-%2.

0006C6 MOVE MT-NAME (2) 10 H5-402. __

-00O60T7_MVE___TzNlMA (12)' TO l--OZ _

PCVE MT-hOkT (3) TO t,7-h3.
CCCe1o MOVE MT-NAME 43) 7O0 -O3 ____ __

__C 006-11 lCVENT-NMA _13) 706 fl3.. __

MOVE MI-hOTI (4)1 TO Hl-hA.
OCC614 MOVE MT-NAME 44) TO H5--NOA.___ ___ ____

CC~CdF% C~WT-RRA(4) TC 60.
M4OVE Ni-hO (5) TO H7-16.

000618 MCVE Mt-NAME (5) TO 1IS-NOS. ___ ___

MOVE MT-hOTl (6) 70 Hi-hA.
000622 MOVE MT-NAME (6) TO PS-'406.________

MOVE Mi-IAOT (i1 TO Hi-hi.
000626 MCVE MT-NAME (7)TM 19)5-N07._____

CLEAR-RTG-WGT-TABLE.
MOVE ALL '00 TC RTG-TAELE.

000533 MOVE ALL 10' TO MASK-TASLE*
READ-F ACTORS.____

READ FACTOR-FILE INTO F-liCFK AT ENC CC TO TAeLES-EUILT.
IF Fd-TYPE OR GO 0 10 FACIOR--R-RIN.

~~1f h-TYP 'h'_~.j•L ACT 90-W-RTN. __

MOVE F-iORK TO CAR.O-hOK.
IF Fh-TYPE * Ml GO 10 MEAS--CARD-RTN.

____ ~IF: Fb*-YPE 15 GS O 10 SYST-COPC-PTN.____ ____

IfF Ph-TYPE 10'~ GO 11)VESS-t-ARO-RIK.
000549 IF FW-TYPf I K' GO TO MASK-CARO-PTN.

IF Flk-lYPE - -' - -__-----

MOVE NC-V TO NO-OF-V
POVE INC-S TO IhDOFS
GO10 RIEAD-FACICFS.

0~55 ISPL-AY INVAL~fiDCARD TYE_'.
DISPLAY $RUN AECRTEC'.

___ ___GD) TO EOJ.

IF SAVE-R-PEAS ECLAL ZERO
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POVE FW-PEDS-&C TO SAVE-R-MEAS.
IF Fbr-MEAS-NO NOT ECAUAL TO SA~f-R-MEAS

move ZERO TO xx

000682 IF CONY-CODE (103 LESS THAN 421 ADO 1 TO XX.
__________ OVE FW-MEAS-NO TO C-NEAS. ______________________

EXAPINE F6-GG0E-X PEPLACING LL RES, SY 2ERUl.
MOVE FWl-CODE TO RTG-COOE IC-ONEASXXI..

000736 IF Fid-SHIP NOT NUMERIC MOVE ZEROS TO RTG-SHIP-N* IC-PEAS,)X)
ELSE

MOVE FM-SHIP TO ftlG-SHIP-NQ £C-#%AS*XJIX.
-CCCT36 If CCNT-COVE 110) a '30

COMPUTE V-NOA - NO-OF-S - 20
PERFORM euILD-R3 VARVING VV FROM 1 IV 1 LKIIL

YY GREATER THAN V-NOA
GO TO RtAD-FACIORS.

IF CUNT-COCE (103 - '2'
GO TO FACTOR-R-2. ________________________________

IF CONT1COD ( . sit
PERFQIRM *UILD-ft-TOOLE VARYING VY FROM 1 BY I LNTIL

IV GREATER THAN 10 _____________________

GO TO READ-FACTORS.
PERFORM BUILO-P-TAeLE VARYING IY FROM I By 1 UNTIL

_______ 't GREATER THAN NO-OF-S.
W TO READ-FACTORS.

OOC655 FACTOR-R-Z.
IF NO-OF-S GREATER THAN 11

MOVE 10 TO V-NOA
ELSE

COMPUTE V-NOA - NO-OF-S - 10. _ ______

PERFGRM BUILO-R2 VARYING YY FROM 1 BY 1 UNT1L
* IY GREATER THAN V-hOA.

0O TO READ-FACTORS. _ _ _ _ _ _ _ _ _ _ _ _ _

atLIL0-R-TAeLE.
M4OVE FM-FACT IVWYl T0 PTG-FACT (C-9'EA59XX,,YY).

0OC699 8UILC-R3.___________________

COMPUTE ZZ aYY * 20.
MOVE FM-FACT (IMY TO RTG-FACT (C-PEA*SXX922).

mu ILD-R2. ____ _____________________________

CCMPUTE 12 - YY + 10.
MOVE FM-FACT 0VI) TO RIG-FACT (C-PEAS.XX*ZZ).

FACTOR-W-ATN. __________________________________

IF SAVE-h-PEAS I~ijAL ZERO
MOVE ZERO TO Xx
MOVE FW-MCAS--NO TO SAVE-W-MEAS._____ ________ _____ __

IF Fbi-MEAS-MO NOT EQUAL TO SAVE-W-PEAS- -

MOVE ZERO TO YX
MOVE Fbt-PEAS-NO TO S*V!-W-MEAS,______

COcTI4 IF CON7-,CODE 4103 LESS THAN '2' Ar0 I TO XX.
MOVE FW-MEAS-NO TO C-ME*.S.
EXA F -0O-M-LARIM-r. LL SCe~ y ZEROS. 0__
MOVE FM-CODE TO %GT-CODE (*-FEASvXXI.
IF FW-OUP 4*

C00724 PERFORP *UILO-W-OUP VAPYING YY FROM I 81 1 UNTIL __________________

000726 VI -GRCE 77ATER TH AN NO-OF--ffz
00072 60 TO NEAC-FACTORS.

IF CChT-cCOe £10 q '2'
COMPUTE V-NOA aNO-OF-V - 10

000630 PF,9FORM GUILO--W2 VARYING VY FROM4 I BY I UNTIL
VY GRe.Alf THAN V-KOA____ _______ ___
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G0 TO 8EAC-FACTOAS.
IF CCbT-COOE (10) a $I

PERFORM SLILO-lo-7ABLE RYG PV i6W.UNL
VY GREATER THAN 10 VRIGV OPII NI

GO TO NEAC-PACTONS.
PERFORM SUILD-br-TASLE VARYING TV FROM I 6V I LK7LI

TV GREATER TNAN h0-OP--Ve
60 10 READ-FACIOPS.

*UILCi-W-TASLE. _________________________

OC71SIdLD'-b-OUP*
MOVE PM-FACT III TO hGT-FACd IC-MEASp~XvVVI.

COMPUTE ZZ - TV + 1c.
MOVE FM-FACT (WY) TO biCT-FACT IC-PEASOXX.ZZ).

TABLES-BUI LT.
PERFORM END--OF-CARDS.

000746 MOVE ZEROS TO XXO YvT ZZ9 C-MEaS,

SAVE-W-MEASc
P-CIA. S-CT0. V-CIA. __________

IF 04EAS-WGT-SUM NOT EQUAL IOC
DISPLAY *MEASURES CO MCI TOTAL 1004 __

OTSPLAY 'RUN ANPOPUG
000164 GD TO 10J.

TEST- V-Cl A.______________________________

IF S-CTR EQUAL NO0-OF-S
PERFORY HEICING-RTN linAU I-EXIT
MOVE ZERO TO S-CIA N-CIA
GO TO TEST--V-CTR.

ADO I TO S-CIA. _____ ________ __________ __

TEST-M-CiA.
IF P-CTP ECUAl NO-CF-14

PERPORP (,AL CLLATE-E
M4OVE ZfKO TO N-CIA
GO Tr TEST-V-CTR.

_____ ADO I Tj M-CIA. _________ ___________________

CALC-AESI..TS.
ADD I IC W-NO-CTN.
IF bi-CODE-HOLO m SPACES MOVE IGI-COOE (P-CIPvbl-hC-CTA) _______ ___

TO bd-COOE-1-OLC.
ZXAMINE kGT-COCE IP-CTAs%-NC-CIA) TALLYING ALL ZERCS.
NOVE TALLY g.1si jki ____________________ ____

EXAMINE bi-COCE-HOLC TALLYING ALL ZEROS,
MOVE TALLY TO igGY-*0L0-T ALLY.

______ EFwG'-CODE-TALLV GREATER tHAN %GT1-MOLO-IALLV ______

GO 10 CHANGE-LEVEL.
M4OVE WGI-COOE IPCA-CCA)TO h-CODE-1-OLD.

000613 P-NO-MATCH. ___ _____________ __

ADD I TO R-KC-CTI.
COC@I5 IF BIG-CODE fM-CT9AP-NO-CTR) CRAEATES THAN

IF RTG-S*41P-t4 IN-CYR,P-NO-CTS) - ZERO
GO TO Akh-MATCH..

IF AtTGr-4IIPkQ-N("CTA,*R-NO-CTA) a V-CTA __

GO TO RbA-MATCH.
GO T0 A-NO-MA ICH.
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COMPUTE ANS-1 m GT-FACT (P-CIR.bh-C-CIA.W-CTAI*
000700 RIG-FACT 4N-CIR,R-NO-CTRvS-CIR) I# ICCEC.

IF WGI-CODE-IOLLV a 0
ADO ANS-I TO SKI-I.--

IF IiCT-COCE-TALLY a I
ACC ANS-1 10 BXT-2.

IF MGT-CODE-IALLV a 2
AECE AS-1 To NKI-).

IF WIsG-COOE-TALLY a 3
ADD ANS-t TOF iu-A

IF %GT-COCE-TALLY a 4
ADD LAS-1 10 6%7-5. __________________ ______

IF WGT-CDCE(N-T.-0CA GO~GI~6 10 END~-OF-h.
GO TO CALC-RESULIS.

CHANGE-ILEVEL. ______ _________ _____

IF WGT-COEE-TALLYU m
CCClAS COMPLIE APS-2 o

WGI-FACT IN-CTR*6b-NG-C1R9V-CTAI * Sti-l 1 100 _____

COMPUTE fKT2 a K1A
MOVE ZEROS 10 SKT-19

~~ ~ I WGT-C DE-TALLY 2 _____ ____________________ ___

WGI-FACI (M-CIRv%-hQ-CTA.'V-CTA) * IAT-Z 1 100
_______ -___ COMPUTE BK7-3 a SKY-3 + ARS-2____________ _____

IF IIOT-CODE-ITALLV a 3
000764 COPJEANS-2 a ____ ________

W JZ-FC £P-CTP*h-hO-CIR*V-CA*K- 0
COMPUTE SKI-A - SKI-4 + AlS-Z

____ OV E ZEROS TO OKT-3. ____________

IF Ml-ýCOOE-IALL4 -4
000112 COMPL7E ANS-2 -

______ ___ WGT-FhC! (P-CTR*W-NO-CTRvV-CIRI SKI-A I IOCC _

COP iE Kl-S OKST-S *ANS-2
MOVE ZEROS TO SKI-4.

______ ~ ~ ~ ý MDji•OjM-CTPWNC-CIRj. TO (0EHOD ______ ___

IF liGI-COOS 4P-CT0,b-NO-CTR) a 4100000 CO IC CKC-CF-W.
CC IC CALC-RESULTS.

OO0M6 COMPUTE bKI-X KI-S 0 PT-IPGI 40-CTIA) /100.
ACC eKI-X TO OIT-E.

______ CC"PLIE. PAINT-SKI_ REUt4CEC*EA- 10 ______ __

M4OVE ZEROS TO SKT-5.
IF P-CTR - I

IF M-ClA m 2
POVE FRIKI1-eKT IC CET-02.

MOVE PRINT-SKI TO OET-M3.
IF M-CIA a A

IF M-CTA w 5
MOVE PRINT-OXT 10 DEl-115.

IFM-CTR a 86___
MOVE PAINT-SK IC CET-P6.

IF N-CIA - 1
- PUYk PRINT-OKI TO0 1~-M.____ ________

MOVE ZEPCS IC W-NO-CTR
R-NO-C TA.
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GO TO 1E1as-m-clo.

SPACLTEES OCTI-LN.___
COPo VI 1PACES T b-CODE-b40L. 100

4OV VT-1106 1E WIV-CTET. -AE
______ AD 3RN- TO PG-CTR.

SOUP-CTA TO 14-PTAGEo.E-S
WRT -LINE F-LINEI- ATER POSITIONING 0 LINES .

_____ ____WRITE P-IN FROM DETAIL FE OIICdGILNS
0011 MVESPCE TO 01A3ULNCEAATPSINIGLE.

-SPAES T h-ODE-OLO
*~~~~~~~~-IA RIhPTE -IEPO EA- FE OE OIG3LNS

MOVTE PY-LNAE PRCT) OM 9EA-3-AFTER OI.CIG1L

____WRITE P-LINE FROM HEAD-1 AFTEP POSITIONING 0 LINES.

-- WRITE P-LINE FRO4 UNEAD-I41 AFTERP 'OSITIO NING 3 LINES.

PRIErR T-~ES-AK ARIG V FROM PA- AFE PO IVIh I N INI. o

WROVE SPACIE FRO MEASK-?LI TRPOIIOIG-INS

MOVEf P ASKLINt FROM Of Ak-LINE.ATV OI-OIGILNS

T e r O4TE-MASSK.I4.V FO 8 klf

IF M~-1ASK-SVS 9-CIAYI GO V-CI F.-A

MOVESPAES 9 P-ASK-Lh.

CLOSE ONACITO-FIL-1 L2 L3 L4
________~~P-b PPIL-JLE _____________ _----

STOP RUN.
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